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REMARKS 

Applicants have cancelled Claims 1-3 without prejudice to, or disclaimer of, the subject 
matter contained therein. Applicants maintain that the cancellation of a claim makes no 
admission as to its patentability and reserve the right to pursue the subject matter of the cancelled 
claim in this or any other patent application. 

Applicants have amended Claim 4 to be in independent form, and have amended Claims 
5 and 12 to depend from Claim 4. Claim 13 is amended to replace the term "epitope tag" with 
the term '*tag polypeptide." New Claims 14-17 have been added. Thus, Claims 4-17 are 
presented for further examination. 

Applicants submit that no new matter was added by the amendments, and that support for 
the amendments can be found throughout the specification. Support for the amendments to 
Claim 13 can be found, for example, at paragraph [0229]. Support for new Claims 14-17 can be 
found, for example, in the claims as originally filed and paragraphs [0336], [0362], [407], and 
Example 18 starting at paragraph [0529]. 

Applicants thank the Examiner for the review of the instant application, and withdrawing 
the objection to the specification. Applicants acknowledge the Examiner's withdrawal of the 
rejection of Claims 1-6 and 10 under 35 U.S.C. § 112, second paragraph, as being indefinite, 
Claims 1-11 under 35 U.S.C. § 102(a) as anticipated by Fujikawa- Adachi et al, and Claims 12 
and 13 under 35 U.S.C. § 103(a) as being obvious over Fujikawa-Adachi et al The rejections of 
the presently pending claims are respectfully traversed. 

Correction of Inventorship under 37 CFR 81,48fb) 

On page 9 of the previous Amendment and Response (filed November 5, 2004), 
AppUcants requested that several inventors listed on page 8 of the previous Amendment and 
Response be deleted, as these inventors' inventions are no longer being claimed in the present 
appUcation as a result of prosecution. AppUcants respectfiiUy submit that this statement satisfies 
the requirement of 37 C.F.R. 1.48(b)(1), and note that the processing fee of $130 required under 
37 C.F.R. 1.48(b)(2) was submitted with the previous response. Therefore Applicants request 
that the Examiner confirm that the inventors listed previously were deleted as requested. 
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Rejection Under 35 U.S,C, SlOl - Utility 

The PTO maintains its rejection of Claims 1-13 under 35 U.S.C. § 101 as lacking utility 
for the reasons set forth on pages 3-4 of the previous Office Action. The PTO asserts that the 
data of Example 18 are insuflScient because "[t]here is no guidance in the specification as to how 
high the levels are," and the first Grimaldi declaration "does not teach the level of reproducibiUty 
or the level of reliability of the results." Office Action at 3-4. The PTO also states that "[njeither 
the specification nor the declarations provide any evidence that indicates what the differences 
were or whether the resuUs were statistically significant." Office Action at 4. The PTO asserts 
that Applicants have provided "no indication of the nature or number of samples that were used. 
In addition, one cannot determine fi-om the data in the specification whether the observed 
'amplification' of nucleic acid is due to increase in chromosomal copy number, or alternatively 
due to an increase in transcription rates." Office Action at 4. The PTO concludes that the 
disclosure "does not enable the skilled artisan to differentiate amongst expression levels in order 
to diagnose any disease." Office Action at 4. 

The PTO also argues that unlike the examples cited in the Grimaldi declaration, "[n]o 
mutation or translocation of PR01335 has been associated with stomach cancer, lung cancer, 
rectal cancer, or melanomas." Office Action at 4. The PTO concludes that in the absence of any 
of the above information, the disclosure is insufficient to meet the utility requirement. 

Finally, the PTO states that whether or not increased levels of PR01335 mRNA correlate 
with increased levels of PR01335 protein is not an issue. The PTO concludes that the 
declarations and cited references do not establish a substantial utility for the claimed PRO 1335 
nucleic acid molecules (presumably the PTO meant claimed polypeptides). 

Utility - Le^al Standard 

According to the Utility Examination Guidelines ("Utility Guidehnes"), 66 Fed. Reg. 
1092 (2001) an invention compUes with the utility requirement of 35 U.S.C. § 101, if it has at 
least one asserted "specific, substantial, and credible utiUt/* or a *'well-established utility." 

Under the Utility Guidelines, a utility is "specific" when it is particular to the subject 
matter claimed. For example, it is generally not enough to state that a nucleic acid is usefiil as a 
diagnostic tool without also identifying the condition that is to be diagnosed. 
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The requirement of "substantial utility" defines a "real world" use, and derives fi-om the 
Supreme Court's holding in Brenner v. Manson, 383 U.S. 519, 534 (1966) stating that "The basic 
quid pro quo contemplated by the Constitution and the Congress for granting a patent monopoly 
is the benefit derived by the public firom an invention with substantial utility." In explaining the 
"substantial utility" standard, M.P.E.P. § 2107.01 cautions, however, that Office personnel must 
be careful not to interpret the phrase "immediate benefit to the public" or similar formulations 
used in certain court decisions to mean that products or services based on the claimed invention 
must be "currently available" to the pubHc in order to satisfy the utility requirement. "Rather, any 
reasonable use that an applicant has identified for the invention that can he viewed as providing 
a public benefit should be accepted as sufficient, at least with regard to defining a 'substantial' 
utility." (M.P.E.P. § 2107.01, emphasis added). 

The mere consideration that further experimentation might be performed to more fully 
develop the claimed subject matter does not support a finding of lack of utility. M.P.E.P. § 
2107.01 m cites In re Brana, 51 F.3d 1560, 1566, 34 U.S.P.Q.2d 1436 (Fed. Cir. 1995) in stating 
that "Usefiihiess in patent law . . . necessarily includes the expectation of further research and 
development. The stage at which an invention in this field becomes useful is well before it is 
ready to be administered to humans." Further, "[T]o violate § 101 the claimed device must be 
totally incapable of achieving a useful result" Juicy Whip Inc. v. Orange Bang Inc.^ 51 USPQ2d 
1700 (Fed. Cir. 1999), citing Brooktree Corp. v. Advanced Micro Devices, Inc., 977 F.2d 1555, 
1571 (Fed.Cir.1992). 

Indeed, the Guidelines for Examination of Applications for Compliance With the Utility 
Requirement, set forth in M.P.E.P. § 2107 n(B)(l) gives the following instruction to patent 
examiners: "If the applicant has asserted that the claimed invention is useful for any particular 
practical purpose . . , and the assertion would be considered credible by a person of ordinary skill 
in the art, do not impose a rejection based on lack of utility." 

Utility need NOT be Proved to a Statistical Certainty - a Reasonable Correlation between the 
Evidence and the Asserted Utility is Sufficient 

An Applicant's assertion of utility creates a presumption of utility that will be sufficient to 
satisfy the utility requirement of 35 U.S.C. § 101, "unless there is a reason for one skilled in the 
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art to question the objective truth of the statement of utiUty or its scope." In re Langer, 503 F.2d 

1380, 1391, 183 USPQ 288, 297 (CCPA 1974). See, also In re Jolles, 628 F.2d 1322, 206 USPQ 

885 (CCPA 1980); In re Irons, 340 F.2d 974, 144 USPQ 351 (1965); In re Sichert, 566 F.2d 

1154, 1159, 196 USPQ 209, 212-13 (CCPA 1977). Compliance with 35 U.S.C. § 101 is a 

question of fact. Raytheon v. Roper, 724 F.2d 951, 956, 220 USPQ 592, 596 (Fed. Cir. 1983) 

cert, denied, 469 US 835 (1984). The evidentiary standard to be used throughout ex parte 

examination in setting forth a rejection is a preponderance of the evidence, or "more Hkely than 

not" standard. In re Oetiker, 977 F.2d 1443, 1445, 24 USPQ2d 1443, 1444 (Fed. Cir. 1992), 

This is stated explicitly in the M.P.E.P.: 

[T]he applicant does not have to provide evidence sufficient to establish that an 
asserted utihty is true "beyond a reasonable doubt." Nor must the applicant 
provide evidence such that it establishes an asserted utility as a matter of 
statistical certainty. Instead, evidence will be sufficient if, considered as a 
whole, it leads a person of ordinary skill in the art to conclude that the asserted 
utiUty is more likelv than not . M,P.E.P. at § 2107.02, part Vn (2004) (underline 
emphasis in original, bold emphasis added, intemal citations omitted). 

The PTO has the initial burden to offer evidence "that one of ordinary skill in the art 
would reasonably doubt the asserted utility." In re Brana, 51 F.3d 1560, 1566, 34 U.S.P.Q.2d 
1436 (Fed. Cir. 1995). Only then does the burden shift to the Applicant to provide rebuttal 
evidence. Id. As stated in the M.P.E.P., such rebuttal evidence does not need to absolutely prove 
that the asserted utility is real. Rather, the evidence only needs to be reasonably indicative of the 
asserted utility. 

"in Fujikawa v. Wattanasin, 93 F.3d 1559, 39 U.S.P.Q.2d 1895 (Fed. Cir. 1996), the Court 

of Appeals for the Federal Circuit upheld a PTO decision that in vitro testing of a novel 

pharmaceutical compound was sufficient to estabUsh practical utility, stating the following rule: 

[T]esting is often required to establish practical utility. But the test results need 
not absolutely prove that the compound is pharmacologically active. All that is 
required is that the tests be ''reasonably indicative of the desired 
[pharmacological] response." In other words, there must be a sufficient 
correlation between the tests and an asserted pharmacological activity so as to 
convince those skilled in the art, to a reasonable probability, that the novel 
compoimd will exhibit the asserted pharmacological behavior." Fujikawa v. 
Wattanasin, 93 F.3d 1559, 1564, 39 U.S.P.Q.2d 1895 (Fed. Cir. 1996) (intemal 
citations omitted, bold emphasis added, itaUcs in original). 
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While the Fujikawa case was in the context of utility for pharmaceutical compounds, the 
principals stated by the Court are applicable in the instant case where the asserted utility is for a 
therapeutic and diagnostic use - utility does not have to be established to an absolute certainty, 
rather, the evidence must convince a person of skill in the art "to a reasonable probability." In 
addition, the evidence need not be direct, so long as there is a "sufficient correlation" between 
the tests performed and the asserted utility. 

The Court in Fujikawa relied in part on its decision in Cross v. lizuka, 753 F.2d 1040, 

224 U.S.P.Q. 739 (Fed. Cir. 1985). In Cross, the Appellant argued that basic in vitro tests 

conducted in cellular fractions did not establish a practical utility for the claimed compounds. 

Appellant argued that more sophisticated in vitro tests using intact cells, or in vivo tests, were 

necessary to establish a practical utility. The Court in Cross rejected this argument, instead 

favoring the argument of the Appellee: 

[I]n vitro results... are generally predictive of in vivo test results, i.e., there is a 
reasonable correlation therebetween. Were this not so, the testing procedures of 
the pharmaceutical industry would not be as they are. [Appellee] has not urged, 
and rightly so, that there is an invariable exact correlation between in vitro test 
results and in vivo test results. Rather, [Appellee's] position is that successful in 
vitro testing for a particular pharmacological activity establishes a significant 
probability that in vivo testing for this particular pharmacological activity will be 
successful. Cross v. lizuka, 753 F.2d 1040, 1050, 224 U.S.P.Q. 739 (Fed. Cir. 
1985) (emphasis added). 

The Cross case is very similar to the present case. Like in vitro testing in the 
pharmaceutical industry, those of skill in the field of biotechnology rely on the reasonable 
correlation that exists between gene expression and protein expression (see below). Were there 
no reasonable correlation between the two, the techniques that measure gene levels such as 
microarray analysis, differential display, and quantitative PCR would not be so widely used by 
those in the art. As in Cross, Applicants here do not argue that there is "an invariable exact 
correlation" between gene expression and protein expression. Instead, Applicants' position 
detailed below is that a measured change in gene expression in cancer cells establishes a 
"significant probability" that the expression of the encoded polypeptide in cancer will also be 
changed based on "a reasonable correlation therebetween." 

Taken together, the legal standard for demonstrating utility is a relatively low hurdle. An 
Applicant need only provide evidence such that it is more likely than not that a person of skill 
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in the art would be convinced, to a reasonable probability, that the asserted utility is true. 

The evidence need not be direct evidence, so long as there is a reasonable correlation between the 
evidence and the asserted utiUty. The AppUcant does not need to provide evidence such that it 
establishes an asserted utility as a matter of statistical certainty. 

Even assuming that the PTO has met its initial burden to offer evidence that one of 
ordinary skill in the art would reasonably doubt the truth of the asserted utility, Applicants assert 
that they have met their burden of providing rebuttal evidence such that it is more likely than not 
those skilled in the art, to a reasonable probability, would believe that the claimed invention is 
useful as a diagnostic tool for cancer. 

Substantial Utility 

Summary of Applicants ' Arguments and the PTO's Response 

]n an attempt to clarify Applicants' argument, Applicants offer a summary of their 
argimient and the disputed issues involved. Applicants assert that the claimed polypeptides have 
utility as diagnostic tools for cancer, particularly stomach, lung, rectal, and skin cancer. 
Applicants are not asserting that the claimed polypeptides necessarily provide a definitive 
diagnosis of cancer, but rather that they are useful, alone or in combination with other diagnostic 
tools to assist in the diagnosis of certain cancers. Applicants' asserted utility rests on the 
following argument: 

L Applicants have provided reliable evidence that mRNA for the PR01335 polypeptide 
is more highly expressed in normal stomach, lung, rectal, and skin tissue compared to stomach, 
lung, rectal and melanoma tumor, respectively; 

2. Applicants assert that it is well-established in the art that a change in the level of 
mRNA for a particular protein, e.g. a decrease, generally leads to a corresponding change in the 
level of the encoded protein, e.g. a decrease; 

3. Given Apphcants' evidence that the level of mRNA for the PR01335 polypeptide is 
decreased in stomach, lung, rectal and melanoma tumor, compared to normal tissue counterparts, 
it is likely that the PR01335 polypeptide is differentially expressed in stomach, lung, rectal and 
melanoma tumors and is therefore useful as a diagnostic tool to distinguish tumor from normal 
tissue. 
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Applicants understand the PTO to be making several arguments in response to 
Applicants' asserted utility: 

1. The PTO has challenged the reliability of the evidence reported in Example 18, and 
states that it does not allow a skilled artisan to differentiate amongst expression levels in order to 
diagnose any disease; 

2. The PTO argues that because no mutation or translocation of PR01335 has been 
associated with stomach, limg, rectal, or melanoma cancer, the disclosure is insufficient to meet 
the utiUty requirement; 

3. Finally, the PTO states that whether or not increased levels of PR01335 mRNA 
correlate with increased levels of PR01335 protein is not an issue. 

As detailed below, Applicants submit that the PTO has failed to meet its initial burden to 
offer evidence "that one of ordinary skill in the art would reasonably doubt the asserted utility." 
In reBrana, 51 F.3d 1560, 1566, 34 U.S.P.Q.2d 1436 (Fed. Cir. 1995). First, the PTO has failed 
to offer any evidence to support its rejection of the data in Example 18 and the Declaration of 
Chris Grimaldi in support of these data. Second, the fact that no mutation or translocation of 
PR01335 has been associated with stomach, lung, rectal, or melanoma cancers does not prevent 
its use as a diagnostic tool for certain cancers. Third, Applicants submit that given the well- 
established correlation between a change in the level of mRNA with a corresponding change in 
the levels of the encoded protein, the PR01335 protein is likely differentially expressed in 
certain tumors. This provides utility for the PRO 1135 and related protems as cancer diagnostic 
tools. Finally, even if the PTO has met its initial burden. Applicants have submitted enough 
rebuttal evidence to establish that it is more likely than not that a person of skill in the art would 
be convinced, to a reasonable probability, that the asserted utility is true. As stated above, 
AppUcants' evidence need not be direct evidence, so long as there is a reasonable correlation 
between the evidence and the asserted utility. The standard is not statistical or absolute 
certainty. 
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Applicants have established that the Gene Encodim the PR01335 Polypeptide is Differentially 
Expressed in Certain Cancers compared to Normal Tissue 

Applicants first address the PTO's argument that the evidence of differential expression 
of the gene encoding the PRO 1335 polypeptide in stomach, lung, rectal and melanoma tumors is 
insufficient. 

The gene expression data in the specification. Example 18, shows that the mRNA 
associated with protein PR01335 was more highly expressed in normal stomach, lung, rectal, 
and skin tissue compared to stomach, lung, rectal and melanoma tumor, respectively. Gene 
expression was analyzed using standard semi-quantitative PGR amplification reactions of cDNA 
libraries isolated firom different human tumor and normal human tissue samples. Identification 
of the differential expression of the PR01335 polypeptide-encoding gene in tumor tissue 
compared to the corresponding normal tissue renders the molecule usefiil as a diagnostic tool for 
the determination of the presence or absence of tumor, hi support. Applicants previously 
submitted as Exhibit 1 a first Declaration of J. Christopher Grimaldi, an expert in the field of 
cancer biology. This declaration explains the importance of the data in Example 18, and how 
differential gene and protein expression studies are used to differentiate between normal and 
tumor tissue (see Declaration, paragraph 7). 

In paragraph 5 of his declaration, Mr. Grimaldi states that the gene expression studies 

reported in Example 18 of the instant application were made fi-om pooled samples of normal and 

of tumor tissues. Mr. Grimaldi explains that: 

The DNA libraries used in the gene expression studies were made fi-om pooled 
samples of normal and of tumor tissues. Data from pooled samples is more likely 
to be accurate than data obtained from a sample from a single indiyiduai That 
is, the detection of variations in gene expression is likely to represent a more 
generally relevant condition when pooled samples firom normal tissues are 
compared with pooled samples firom timiors in the same tissue type. 
(Paragraph 5) (emphasis added). 

In paragraphs 6 and 7, Mr. Grimaldi explains that the semi-quantitative analysis 
employed to generate the data of Example 18 is sufficient to determine if a gene is over- or 
under-expressed in tumor cells compared to corresponding normal tissue. He states that any 
visually detectable difference seen between two samples is indicative of at least a two-fold 
difference in cDNA between the tumor tissue and the counterpart normal tissue. Thus, the 
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results of Example 18 reflect at least a two-fold difference between normal and tumor samples. 
He also states that the results of the gene expression studies indicate that the genes of interest 
"can be used to differentiate tumor from normal," thus establishing their reliability. He explains 
that, contrary to the PTO's assertions, 'The precise levels of gene expression are irrelevant; what 
matters is that there is a relative difference in expression between normal tissue and tumor 
tissue." (Paragraph 7). Thus, since it is the relative level of expression between normal tissue 
and suspected cancerous tissue that is important, the precise level of expression in normal tissue 
is irrelevant. Likewise, there is no need for quantitative data to compare the level of expression 
in normal and tumor tissue. As Mr. Grimaldi states, "If a difference is detected, this indicates 
that the gene and its corresponding polypeptide and antibodies against the polypeptide are useful 
for diagnostic purposes, to screen samples to differentiate between normal and timior." 

The PTO has stated that the Grimaldi Declaration is insufficient to overcome the rejection 
of Claims 1-13 . The PTO argues that Example 18 is insufficient because it does not teach how 
high the expression level is, what the level of reproducibility or reUability is, whether the results 
are statistically significant, or the nature or niraiber of samples that were used. The PTO also 
argues that one cannot determine if the observed "amplification" is due to an increase in 
chromosomal copy number or an increase in transcription rates. The PTO concludes that the 
disclosure would not enable one of skill in the art to differentiate amongst expression levels to 
diagnose any disease. 

AppUcants submit that the declaration of Mr. Grimaldi is based on personal knowledge of 
the relevant facts at issue. Mr. Grimaldi is an expert in the field and conducted or supervised the 
experiments at issue. Applicants remind the PTO that "[o]ffice persormel must accept an opinion 
from a qualified expert that is based upon relevant facts whose accuracy is not being questioned." 
PTO Utility Examination Guidelines (2001) (emphasis added). In addition, declarations relating 
to issues of fact should not be summarily dismissed as "opinions" without an adequate 
explanation of how the declaration fails to rebut the Examiner's position. In re Alton 76 F.3d 
1168 (Fed. Cir. 1996). The PTO has not suppUed any reasons or evidence to question the 
accuracy of the facts upon which Mr. Grimaldi based his opinion. Mr. Grimaldi has personal 
knowledge of the relevant facts, has based his opinion on those facts, and the PTO has offered no 
reason or evidence to reject either the xmderlying facts or his opinion. Therefore, the PTO should 
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accept Mr. Grimaldi's opinion with regard to his statement that "any visually detectable 
difference seen between two samples is indicative of at least a two-fold difference in cDNA 
between the tumor tissue and the counterpart normal tissue" and that the genes of interest "can be 
used to differentiate tumor from normal." Together, these statements establish that there is at 
least a two-fold difference in expression, and that the results are reliable enough that they can be 
used to distinguish tumor from normal tissue. Finally, Applicants submit that whether this 
differential expression is due to an increase in chromosomal copy number or increased 
transcription rates is not relevant to whether the difference in expression can be used to 
distinguish tumor from normal tissue. 

In conclusion, Applicants submit that the evidence reported in Example 18, combined 
with the first Grimaldi Declaration, establish that there is at least a two-fold difference in 
PR01335 cDNA between stomach, lung, rectal and melanoma tumor tissue and the normal 
stomach, lung, rectal and skin tissue, respectively. Therefore, it follows that expression levels of 
the PR01335 gene can be used to distinguish stomach, lung, rectal and melanoma tumor tissue 
from their normal tissue counterparts. The PTO has not offered any significant arguments or 
evidence to the contrary. 

As Applicants explain below, it is more likely than not that the PR01335 polypeptide is 
also differentially expressed in stomach, lung, rectal and melanoma tumor tissue, and can 
therefore be used to distinguish stomach, lung, rectal and melanoma tumor tissue from normal 
tissue counterparts. This provides utility for the clauned polypeptides. 

Applicants have established that the Accepted Understanding in the Art is that there is a Direct 
Correlation between mRNA Levels and the Level of Expression of the Encoded Protein 

Applicants next tum to the second portion of their argument in support of their asserted 
utility - that it is well-established in the art that a change in the level of mRNA for a particular 
protein, generally leads to a corresponding change in the level of the encoded protein; given 
AppUcants* evidence of differential expression of the mRNA for the PRO 1335 polypeptide in 
stomach, limg, rectal and melanoma tumor, it is more likely than not that the PR01335 
polypeptide is differentially expressed; and proteins differentially expressed in certain tumors 
have utility as diagnostic tools. 
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In support of the assertion that changes in mRNA are positively correlated to changes in 
protein levels, Applicants previously submitted a copy of a second Declaration by J. Christopher 
Grimaldi, an expert in the field of cancer biology (previously attached as Exhibit 2). As stated in 
paragraph 5 of the declaration, "Those who work in this field are well aware that in the vast 
majority of cases, when a gene is over-expressed. ..the gene product or polypeptide will also be 
over-expressed.... This same principal apphes to gene under-expression." Further, "the 
detection of increased mRNA expression is expected to result in increased polypeptide 
expression, and the detection of decreased mRNA expression is expected to result in decreased 
polypeptide expression. The detection of increased or decreased polypeptide expression can be 
used for cancer diagnosis and treatment." The references cited in the declaration and submitted 
herewith support this statement. 

Applicants also previously submitted a copy of the declaration of Paul Polakis, Ph.D. 

(previously attached as Exhibit 3), an expert in the field of cancer biology. As stated in 

paragraph 6 of his declaration: 

Based on my own experience accumulated in more than 20 years of research, 
including the data discussed in paragraphs 4 and 5 above [showing a positive 
correlation between mRNA levels and encoded protein levels in the vast majority 
of cases] and my knowledge of the relevant scientific literature, it is my 
considered scientific opinion that for human genes, an increased level of mRNA 
in a tumor cell relative to a normal cell typically correlates to a similar increase in 
abundance of the encoded protein in the tumor cell relative to the normal cell. In 
fact, it remains a central dogma in molecular biology that increased mRNA levels 
are predictive of corresponding increased levels of the encoded protein. 
(Emphasis added). 

Dr. Polakis acknowledges that there are published cases where such a correlation does not exist, 
but states that it is his opinion, based on over 20 years of scientific research, that "such reports 
are exceptions to the commonly understood general rule that increased mRNA levels are 
predictive of corresponding increased levels of the encoded protein." (Polakis Declaration, 
paragraph 6). 

The statements of Grimaldi and Polakis are supported by the teachings in Molecular 
Biology of the Cell, a leading textbook in the field (Bruce Alberts, et al. Molecular Biology of 
the Cell (3'"^ ed. 1994) (submitted herewith as Exhibit 1) and (4*'' ed. 2002) (submitted herewith 
as Exhibit 2)). Figure 9-2 of Exhibit 1 shows the steps at which eukaryotic gene expression can 
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be controlled. The first step depicted is transcriptional control. Exhibit 1 provides that "[f]or 
most genes transcriptional controls are paramount. This makes sense because, of all the possible 
control points illustrated in Figure 9-2, only transcriptional control ensures that no superfluous 
intermediates are synthesized." Exhibit 1 at 403 (emphasis added). In addition, the text states 
that "Although controls on the initiation of gene transcription are the predominant form of 
regulation for most genes , other controls can act later in the pathway firom RNA to protein to 
modulate the amount of gene product that is made." Exhibit 1 at 453 (emphasis added). Thus, as 
estabUshed in Exhibit 1, the predominant mechanism for regulating the amount of protein 
produced is by regulating transcription initiation. 

In Exhibit 2, Figure 6-3 on page 302 illustrates the basic principle that there is a 
correlation between increased gene expression and increased protein expression. The 
accompanying text states that "a cell can change (or regulate) the expression of each of its genes 
according to the needs of the moment - most obviously by controlling the production of its 
mRNA:' Exhibit 2 at 302 (emphasis added). Similarly, Figure 6-90 on page 364 of Exhibit 2 
illustrates the path fix)m gene to protein. The accompanying text states that while potentially 
each step can be regulated by the cell, " the initiation of transcription is the most common point 
for a cell to regulate the expression of each of its genes ." Exhibit 2 at 364 (emphasis added). 
This point is repeated on page 379, where the authors state that of all the possible points for 
regulating protein expression, " [f|or most genes transcriptional controls are paramoimt ." Exhibit 
2 at 379 (emphasis added). 

Further support for Applicants' position can be found in the textbook. Genes VI, 
(Benjamin Lewin, Genes VI (1997)) (submitted herewith as Exhibit 3) which states "having 
acknowledged that control of gene expression can occur at multiple stages, and that production of 
RNA cannot inevitably be equated with production of protein, it is clear that the overwhehning 
maioritv of regulatory events occur at the initiation of transcription ." Genes VI at 847-848 
(emphasis added). 

Additional support is also found in Zhigang et al. World Journal of Surgical Oncology 
2:13, 2004, submitted herewith as Exhibit 4. Zhigang studied the expression of prostate stem 
cell antigen (PSCA) protein and mRNA to validate it as a potential molecular target for diagnosis 
and treatment of human prostate cancer. The data showed "a high degree of correlation between 
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PSCA protein and mRNA expression" Exhibit 4 at 6. Of the samples tested, 81 out of 87 

showed a high degree of correlation between mRNA expression and protein expression. The 

authors conclude that "it is demonstrated that PSCA protein and mRNA overexpressed in human 

prostate cancer, and that the increased protein level of PSCA was resulted from the upregulated 

transcription of its mRNA." Exhibit 4 at 11. Even though the correlation between mRNA 

expression and protein expression occurred in 93% of the samples tested, not 100%, the authors 

state that "PSCA may be a promising molecular marker for the clinical prognosis of human Pea 

and a valuable target for diagnosis and therapy of this tumor." Id, 

Further, Meric et al. Molecular Cancer Therapeutics, vol. 1, 971-979 (2002), submitted 

herewith as Exhibit 5, states the following: 

The fundamental principle of molecular therapeutics in cancer is to exploit the 
differences in gene expression between cancer cells and normal cells... [M]ost 
efforts have concentrated on identifying differences in gene expression at the level 
of mRNA, which can be attributable to either DNA amplification or to differences 
in transcription. Meric et al at 971 (emphasis added). 

Those of skill in the art would not be focusing on differences in gene expression between cancer 
cells and normal cells if there were no correlation between gene expression and protein 
expression. 

Together, the declarations of Grimaldi and Polakis, the accompanying references, and the 
excerpts and references provided above all estabUsh that the accepted understanding in the art is 
that there is a reasonable coirelation between changes in gene expression and the level of the 
encoded protein. 

In response to the second Grimaldi Declaration and the Polakis Declaration, the PTO 
makes two arguments. First, the PTO states that unlike Her2/Neu and t(5;14) discussed in the 
second Grimaldi declaration, "[n]o mutation or translocation of PRO 1335 has been associated 
with stomach cancer, lung cancer, rectal cancer, or melanomas." Office Action at 4. The PTO 
concludes that in the absence of any of the above information, the disclosiure is insufficient to 
meet the utility requirement. Second, the PTO states that whether or not increased levels of 
PR01335 mRNA correlate with increased levels of PR01335 protein is not an issue. 

Applicants submit that a lack of known role for PR01335 in cancer does not prevent its 
use as a diagnostic tool for cancer. The fact that there is no known translocation or mutation of 
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PR01335 is irrelevant to whether its differential expression can be used to assist in diagnosis of 
cancer - one does not need to know why PR01335 is differentially expressed, or what the 
consequence of the differential expression is, in order to exploit the differential expression to 
distinguish tumor from normal tissue. In fact the Revised Interim Utility Guidelines promulgated 
by the PTO recognize that proteins which are differentially expressed in cancer have utility. (See 
the caveat in Example 12 which state that the utility requirement is satisfied where a protein is 
expressed in melanoma cells but not on normal skin and antibodies against the protein can be 
used to diagnose cancer.) In addition, while Applicants appreciate that actions taken in other 
applications are not binding on the PTO with respect to the present application, Applicants note 
that the PTO has issued several patents claiming differentially expressed polypeptides. (See, e.g., 
U.S. Patent No. 6,414,1 17 and U.S. Patent No. 6,124,433, attached hereto as Exhibits 6 and 7.) 

As discussed above, Applicants respectfully disagree with the PTO's position that 
whether or not increased levels of PR01335 mRNA correlate with increased levels of PR01335 
protein is not an issue. Because it is more likely than not that the PRO 1335 protein is also 
differentially expressed in certain tumors, the protein can be used as a diagnostic tool for cancer. 

Thus, the PTO's rejection of the second Grimaldi Declaration and Polakis Declaration 
because they are viewed as insufficient or irrelevant is misplaced. Accordingly, Applicants 
submit that they have offered sufficient evidence to establish that it is more likely than not that 
one of skill in the art would beUeve that because the PRO 1335 mRNA is more highly expressed 
in normal stomach, lung, rectal, and skin tissue compared to stomach, lung, rectal and melanoma 
tumor, respectively, the PR01335 polypeptide will have the same expression pattern. This 
differential expression of PR01335 and related polypeptides make them useful as diagnostic 
tools for cancer. 

The Arsuments made by the PTO are Not Sufficient to satisfy the PTO's Initial Burden of 
Offering Eyidence ''that one of ordinary skill in the art would reasonably doubt the asserted 
utility" 

As stated above, an Applicant's assertion of utility creates a presumption of utility that 
will be sufficient to satisfy the utility requirement of 35 U.S.C. § 101, "unless there is a reason 
for one skilled in the art to question the objective truth of the statement of utility or its scope.*' In 



-19- 



Appl. No. : 10/063,583 

Filed : May 3, 2002 



re Langer, 503 F.2d 1380, 1391, 183 USPQ 288, 297 (CCPA 1974). The evidentiary standard to 

be used throughout ex parte examination in setting forth a rejection is a preponderance of the 

evidence, or "more likely than not" standard. In re Oetiker, 977 F.2d 1443, 1445, 24 USPQ2d 

1443, 1444 (Fed. Cir. 1992). This is stated explicitly in the M.P.E.P.: 

[T]he applicant does not have to provide evidence sufficient to establish that an 
asserted utility is true "beyond a reasonable doubt." Nor must the applicant 
provide evidence such that it establishes an asserted utility as a matter of 
statistical certainty. Instead, evidence will be sufficient if, considered as a 
whole, it leads a person of ordinary skill in the art to conclude that the asserted 
utility is more likelv than not . M.P.E.P. at § 2107.02, part VH (2004) (underline 
emphasis in original, bold emphasis added, internal citations omitted). 

The PTO has the initial burden to offer evidence "that one of ordinary skill in the art 
would reasonably doubt the asserted utility." In re Brana, 51 F.3d 1560, 1566, 34 U.S.P.Q.2d 
1436 (Fed. Cir. 1995). Only then does the burden shift to the Applicant to provide rebuttal 
evidence. M As stated in the M.P.E.P., such rebuttal evidence does not need to absolutelv prove 
that the asserted utiUtv is real . Rather, the evidence only needs to be reasonablv indicative of the 
asserted utility. 

The PTO has not offered any arguments or cited any references to establish "that one of 
ordmary skill in the art would reasonably doubt" that the disclosed polypeptide is differentially 
expressed in certain tumors and that the claimed polypeptides can be used as diagnostic tools. 
Given the lack of support for the PTO's position, Applicants submit that the PTO has not met its 
initial burden of overcoming the presumption that the asserted utility is sufficient to satisfy the 
utility requirement. And even if the PTO has met that burden, the Applicants' supporting 
rebuttal evidence is sufficient to estabUsh that one of skill in the art would be more likely than 
not to beUeve that the claimed polypeptides can be used as diagnostic tools for cancer, 
particularly stomach, lung, rectal, and skin cancer. 

Specific Utility 

The Asserted Substantial Utilities are Specific to the Claimed Polvpevtides 

Apphcants next address the PTO's assertion that the asserted utilities are not specific to 
the claimed polypeptides related to PR01335. AppUcants respectfiiUy disagree. 
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Specific Utility is defined as utility which is "specific to the subject matter claimed," in 
contrast to "a general utiUty that would be applicable to the broad class of the invention." 
M.P.E.P. § 2107.01 L Applicants submit that the evidence of differential expression of the 
PR01335 gene and polypeptide in certain types of tumor cells, along with the declarations and 
references discussed above, provide a specific utility for the claimed polypeptides. 

As discussed above, there are significant data which show that it is more likely than not 
that the gene for the PR01335 polypeptide is more highly expressed in normal stomach, lung, 
rectal, and skin tissue compared to stomach, lung, rectal and melanoma tumor, respectively. 
These data are strong evidence that the PR01335 gene and polypeptide are associated with 
stomach, lung, rectal and melanoma tumors. Thus, contrary to the assertions of the PTO, 
Applicants submit that they have provided evidence associating the PRO 133 5 gene and 
polypeptide with a specific disease. The asserted utility as a diagnostic tool for cancer, 
particularly stomach, lung, rectal and melanoma tirnior, is a specific utihty - it is not a general 
utility that would apply to the broad class of polypeptides. 

Conclusion 

The PTO has asserted three arguments to support its conclusion that the differential 
expression of PR01335 is not sufficient to establish utility for the claimed polypeptides: (1) the 
PTO has challenged the reliability of the evidence reported in Example 18; (2) the PTO argues 
that because no mutation or translocation of PR01335 has been associated with stomach, lung, 
rectal, or melanoma cancer, the disclosure is insufficient to meet the utility requirement; and (3) 
the PTO states that whether or not increased levels of PR01335 mRNA correlate with increased 
levels of PRO 1335 protein is not an issue. Applicants have addressed each of these arguments in 
turn. 

First, the Applicants provided a first Declaration of Chris Grimaldi stating that the data in 
Example 18 are real and significant. This declaration also indicates that given the relative 
difference in expression levels, the disclosed nucleic acids and corresponding polypeptides have 
utility as cancer diagnostic tools. The PTO has not offered any substantial reason or evidence to 
question the data in Example 18, or the first Grimaldi Declaration. 
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Second, Applicants have demonstrated that it is not necessary to know the cause or 
consequence of the differential expression of PR01335 nucleic acids and polypeptides in certain 
tumors in order to use them as diagnostic tools for cancer. 

Third, Applicants have shown that the second Grimaldi Declaration and Polakis 
Declaration, the accompanying references, as well as the excerpts and references cited above, 
demonstrate that it is well-established in the art that a change in mRNA levels generally 
correlates to a corresponding change in the encoded protein levels. The PTO has not offered any 
substantial reason or evidence to question these declarations and supporting references. One of 
skill in the art will recognize that polypeptides differentially expressed in certain cancers have 
utihty as diagnostic tools for cancer. 

Finally, the PTO asserts that there is no asserted specific utility. AppUcants have pointed 
out that the substantial utilities described above are specific to the claimed polypeptides because 
the PRO 1335 gene and polypeptide are differentially expressed in certain cancer cells compared 
to the corresponding normal cells. This is not a general utility that would apply to the broad class 
of polypeptides. 

Given the totality of the evidence provided, Applicants submit that they have established 

a substantial, specific, and credible utility for the claimed polypeptides as diagnostic tools. 

According to the PTO Utility Examination Guidelines (2001), irrefiitable proof of a claimed 

utility is not required. Rather, a specific, substantial, and credible utility requires only a 

"reasonable" confirmation of a real world context of use. Applicants remind the PTO that: 

A small degree of utility is suflBcient . . . The claimed invention must only be 
capable of performing some beneficial fimction ... An invention does not lack 
utility merely because the particular embodiment disclosed in the patent lacks 
perfection or performs crudely ... A commercially successfiil product is not 
required . . . Nor is it essential that the invention accomplish all its intended 
fimctions ... or operate under all conditions . . . partial success being sufficient to 
demonstrate patentable utility ... In short, the defense of non-utility cannot be 
sustained without proof of total incapacity. If an invention is only partially 
successful in achieving a useful result, a rejection of the claimed invention as a 
whole based on a lack of utility is not appropriate. M.P.E.P. at 2107.01 (underline 
emphasis in original, bold emphasis added, citations omitted). 

Applicants submit that they have estabhshed that it is more likely than not that one of 
skill in the art would reasonably accept the utihty for the claimed polypeptides relating to 
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PR01335 set forth in the specification. In view of the above, Applicants respectfully request that 
the PTO reconsider and withdraw the utility rejection under 35 U.S.C. §101. 

Rejections under 35 U.S.C. S 112, first paragraph - Enablement 

The PTO also rejects Claims M3 under 35 U.S.C. § 112, first paragraph. Specifically, 
the PTO asserts that because the claimed invention is not supported by either a specific or 
substantial asserted utility or a well-established utility, one skilled in the art would not know how 
to use the claimed invention. The PTO also maintains the rejection of claims 1-5, and 12-13 
under 35 U.S.C. § 112, first paragraph, for the reasons of record on pages 5-6 of the previous 
Office Action. The PTO argues that the limitation '^wherein said isolated polypeptide is more 
highly expressed in normal stomach, lung, rectal or skin tissue compared to stomach, lung, rectal 
or melanoma tumor respectively, or wherein said isolated polypeptide is encoded by a 
polynucleotide that is more highly expressed in normal stomach, lung, rectal or skin tissue 
compared to stomach, lung, rectal or melanoma tumor respectively* is not a fimctional limitation. 
The PTO also argues that one of skill in the art would not know how to use sequences with less 
than 100% homology to PR01335 to diagnose stomach, lung, rectal or melanoma tumors. 
Finally, the PTO argues that one skilled in the art would not know how to engineer a sequence 
such that it is overexpressed in certain tissues. 

As an initial matter, Applicants submit that in the discussion of the 35 U.S.C. § 101 
rejection above. Applicants have established a substantial, specific, and credible utility for the 
claimed polypeptides. To the extent that the enablement rejection is based on a lack of utility, 
AppUcants respectfiiUy request that the PTO reconsider and withdraw the enablement rejection 
under 35 U.S.C. §112. 

As amended, the pending claims are related to isolated polypeptides having at least 95% 
or 99% amino acid sequence identity to several polypeptides related to SEQ ID NO: 74, and 
which satisfy the limitation 'Vherein said isolated polypeptide is more highly expressed in 
normal stomach, lung, rectal or skin tissue compared to stomach, limg, rectal or melanoma tumor 
respectively, or wherein said isolated polypeptide is encoded by a polynucleotide that is more 
highly expressed in normal stomach, lung, rectal or skin tissue compared to stomach, limg, rectal 
or melanoma tumor respectively or "wherein said isolated polypeptide or a firagment thereof can 
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be used to generate an antibody which can be used to specifically detect the polypeptide of SEQ 
JD NO: 74 in stomach, lung, rectal, or skin tissue samples." 

Applicants submit that the claimed polypeptides are enabled, as one of skill in the art 
would know how to make and use them. Applicants submit that it is well-established in the art 
how to make polypeptides which have at least 95% or 99% amino acid sequence identity to the 
disclosed sequences related to SEQ JD NO: 74. Applicants have disclosed how to determine if 
the claimed polypeptides or encoding nucleic acids are differentially expressed in stomach, lung, 
rectal and melanoma tumors compared to their normal counterparts. Applicants have also 
disclosed how to make antibodies to the polypeptide of SEQ ID NO: 74, and given the high 
amino acid sequence homology of the claimed polypeptides, one of skill in the art would know 
how to make antibodies to SEQ ID NO: 74 fi"om the claimed polypeptides. Thus, one of skill in 
the art would know how to make the claimed polypeptides. 

As discussed above. Applicants submit that they have estabUshed that one of skill in the 
art would beUeve that it is more likely than not that the PR01335 gene and polypeptide are 
differentially expressed in stomach, Ixmg, rectal and melanoma tumors such that they can be used 
as cancer diagnostic tools. Given the disclosure in the specification and the level of skill in the 
art, a skilled artisan would know how to use the claimed polypeptides as diagnostic tools. For 
example, polypeptides which have at least 95% or 99% amino acid sequence identity to the 
disclosed sequences and are "more highly expressed in normal stomach, lung, rectal or skin 
tissue compared to stomach, limg, rectal or melanoma tumor respectively..." can be used as 
diagnostic tools since the claimed polypeptides or their encoding nucleic acids are differentially 
expressed in certain tumors. Other claimed polypeptides which have at least 95% or 99% amino 
acid sequence identity to the disclosed sequences and "said isolated polypeptide or a fi-agment 
thereof can be used to generate an antibody which can be used to specifically detect the 
polypeptide of SEQ ID NO: 74 in stomach, lung, rectal, or skin tissue samples," are also usefiil 
diagnostic tools. Because the polypeptide of SEQ ID NO: 74 is most likely differentially 
expressed in certain tumors, antibodies for specific detection of this polypeptide in stomach, 
lung, rectal, or skin tissue samples are useful diagnostic tools. 
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Given the skill in the art and the disclosure of how to make and use the claimed 
polypeptides, Applicants request that the PTO reconsider and withdraw its rejection under 35 
U.S.C. § 1 12, first paragraph. 

Rejection under 35 U.S.C $112, first paragraph - Written Description 

The PTO maintains the rejection of Claims 1-5, and 12-13 under 35 U.S.C. § 112, first 
paragraph, as failing to satisfy the written description requirement for the reasons set forth on 
pages 6-7 of the previous Office Action. Briefly, the PTO asserts the claimed polypeptides may 
have fimctions and structures which differ greatly firom that of PR01335. 

TheLesal Standard for Written Description 

The well-established test for sufficiency of support under the written description 
requirement of 35 U.S.C. §112, first paragraph is whether the disclosure "reasonably conveys to 
artisan that the inventor had possession at that time of the later claimed subject matter." In re 
Kaslow, 707 F.2d 1366, 1375, 2121 USPQ 1089, 1096 (Fed. Cir. 1983); see also Vas-Cath, Inc. 
V. Mahurkar, 935 F.2d atl563, 19 USPQ2d at 1116 (Fed. Cir. 1991). The adequacy of written 
description support is a factual issue and is to be determined on a case-by-case basis. See e.g., 
VaS'Catk Inc. v. Mahurkar, 935 F.2d at 1563, 19 USPQ2d at 1116 (Fed. Cir. 1991). The factual 
determination in a written description analysis depends on the nature of the invention and the 
amount of knowledge imparted to those skilled in the art by the disclosure. Union Oil v. Atlantic 
Richfield Co., 208 F.3d 989, 996 (Fed. Cir. 2000). 

The Current Invention is Adequately Described 

As noted above, whether the AppUcants were in possession of the invention as of the 
effective filing date of an application is a factual determination, reached by the consideration of a 
mmiber of factors, including the level of knowledge and skill in the art, and the teaching 
provided by the specification. The inventor is not required to describe every single detail of 
his/her invention. An Applicant's disclosure obligation varies according to the art to which the 
invention pertains. The present invention pertains to the field of recombinant DNA/protein 
technology. It is well-estabhshed that the level of skill in this field is very high since a 
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representative person of skill is generally a Ph.D. scientist with several years of experience. 
Accordingly, the teaching imparted in the specification must be evaluated through the eyes of a 
highly skilled artisan as of the date the invention was made. 

As amended, the pending claims are related to isolated polypeptides having at least 95% 
or 99% amino acid sequence identity to several polypeptides related to SEQ ID NO: 74, and 
satisfy the limitation 'Vherein said isolated polypeptide is more highly expressed in normal 
stomach, lung, rectal or skin tissue compared to stomach, lung, rectal or melanoma timior 
respectively, or wherein said isolated polypeptide is encoded by a polynucleotide that is more 
highly expressed in normal stomach, lung, rectal or skin tissue compared to stomach, lung, rectal 
or melanoma tumor respectively" or *Svherein said isolated polypeptide or a fragment thereof can 
be used to generate an antibody which can be used to specifically detect the polypeptide of SEQ 
ID NO: 74 in stomach, limg, rectal, or skin tissue samples." 

Applicants maintain that there is no substantial variation within the species which fall 
within the scope of the amended claims, which require at least 95% or 99% amino acid sequence 
identity to the disclosed sequences related to SEQ ID NO: 74. Applicants note that the pending 
Claims are analogous to the claims discussed in Example 14 of the written description training 
materials. In Example 14, the written description requirement was found to be satisfied for 
claims relating to polypeptides having 95% homology to a particular sequence and possessing a 
particular catalytic activity, even though the appHcant had not made any variants. Similarly, the 
pending claims also have very high sequence homology to the disclosed sequences and must 
share the same expression pattem in certain tumors, or share an epitope sufficient to generate 
antibodies which specifically detect the polypeptide of SEQ ID NO: 74 in stomach, lung, rectal, 
or skin tissue samples. 

In Example 14, the procedures for making variants were known in the art and the 
disclosure taught how to test for the claimed catalytic activity. Similarly, in the instant 
application, it is well known in the art how to make polypeptides with at least 95% amino acid 
sequence identity to the disclosed sequences. In addition, the specification discloses how to test 
to determine if the polypeptide or encoding nucleic acid is differentially expressed in stomach, 
lung, rectal or skin tumors, and how to make antibodies which specifically detect the polypeptide 
of SEQ ID NO: 74 in stomach, lung, rectal, or skin tissue samples. Like Example 14, the genus 
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of polypeptides that have at least 95% or 99% amino acid sequence identity to the disclosed 
sequences will not have substantial variation. 

Furthermore, while Applicants appreciate that actions taken by the PTO in other 
apphcations are not binding with respect to the examination of the present application. 
Applicants note that the PTO has issued many patents containing claims to variant nucleic acids 
or variant proteins where the applicants did not actually make such nucleic acids or proteins. 
Representative patents include U.S. Patent No: 6,737,522, U.S. Patent No. 6,395,306, U.S. 
Patent No. 6,025,156, U.S. Patent No. 6,645,499, U.S. Patent No. 6,498,235, and U.S. Patent No. 
6,730,502 which are attached hereto as Exhibits 8-13. 

In conclusion. Applicants submit that they have satisfied the written description 
requirement for the pending claims based on the actual reduction to practice of SEQ ID NO: 74, 
by specifying a high level of amino acid sequence identity, by describing how to test for 
differential expression of the polypeptide and encoding nucleic acid, and by describing how to 
make antibodies to the disclosed sequence, all of which result in a lack of substantial variabihty 
in the species falling within the scope of the instant claims. Applicants submit that this 
disclosure would allow one of skill in the art to "recognize that the applicant was in possession of 
the necessary common attributes or features of the elements possessed by the members of the 
genus." Hence, Applicants respectfully request that the PTO reconsider and withdraw the written 
description rejection under 35 U.S.C. §112. 
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CONCLUSION 

In view of the above, Applicants respectfully maintain that claims are patentable and 
request that they be passed to issue. Applicants invite the Examiner to call the xmdersigned if any 
remaining issues may be resolved by telephone. 

Please charge any additional fees, including any fees for additional extension of time, or 
credit overpayment to Deposit Account No. 11-1410. 



Respectfully submitted, 

KNOBBE, MARTENS, OLSON & BEAR, LLP 



Dated: 




By: (>f\\A^\^^^AAM/^..^^ 
AimeMarie Kaker J 
Regifetration No\^7,Aa.^^ 
Atton^y of Record 
Customer No. 30,313 
(619) 235-8550 
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^jljacts. If these nunor cell proteins differ among cells to the same extent as the 
• more abundant proteins, as is commonly assumed, only a small number of pro- 
tgiii differences (perhaps several hundred) suffice to create very large differences 
jn cell moiphology and behavior. 

I A Cell Can Change the Expression of Its Genes 
^ in Response to External Signals ^ 

Most of the specialized cells in a multicellular organism are capable of altering 
(heir patterns of gene expression in response to extracellular cues. If a liver cell 
is exposed to a glucocorticoid hormone, for example, the production of several 
gpedfic proteins is dramatically increased. Glucocorticoids are released during 
periods of starvation or intense exercise and signal the liver to increase the 
production of glucose from amino acids and other small molecules; the set of 
proteins whose production is induced includes enzymes such as tyrosine amino- 
uansferase, which helps to convert tyrosine to glucose. When the hormone is no 
longer present, the production of these proteins drops to its normal level. 

Oflier cell types respond to glucocorticoids in different iwiys. In fat ceUs, for 
example, the production of tyrosine aminotransferase is reduced, while some 
other cell types do not respond to glucocorticoids at all. These examples illiistrate 
a general feature of cell specialization-^dififerent cell types often respond in dif- 
ferent ways to the same extracellular signal Underlying this specialization are 
features that do not change, which give each cefl type its permanentiy distinc- 
tive character. These features reflect the persistent expression of different sets of 



Gene Ejqiression Can Be Regulated at Many of the Steps 
in the Pathway from DNA to RNA to Protein ^ 

If diflerences between the various cell types of an organism depend on the par- 
tially genes tiiat the cells express, at vrfiat level is the control of gene expression 
exercised? There are many steps in the pathway leading from DNA to protein, and 
an of them can in principle be regulated. Thus a cell can control tiie proteins it 
makes by (1) controlling vrhen and how often a given gene is transcribed (tran- 
saiptional control), (2) controlling how the primary RNA transcript is spliced or 
othenvise processed (RNA processing control), (3) selecting which completed 
mRNAs in the ceU nucleus are exported to the cytoplasm (RNA transport con- 
trol), (4) selecting which mRNAs in the cytoplasm are translated by ribosomes 
(tanslatlonal control), (5) selectively destabilizing certain mRNA molecules in 
™ cytoplasm (mRNA degradation control), or (6) selectively activating, inacti- 
vatmg, or compartmentalizing specific protein molecules after they have been 
ttade (protein activity control) (Figure 9-2). 

For most genes transcriptional controls are paramount. This makes sense 
because, of all the possible control points illustrated in Figure 9-2, only transcrip- 
nonal control ensures that no superfluous intermediates are synthesized In the 




Figure 9-2 Six steps at which 
eucaryote gene expression can be 
controlled. Only controls that operate 
at steps 1 through 5 are discussed in 
this chapter. The regulation of protein 
activity (step 6} is discussed in 
Chapter 5; this includes reversible 
activation or inactivation by protein 
phosphorylation as well as 
irreversible inactivation by proteolytic 
degradation. 
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following sections we discuss the DNA and protein components that regulate the 
initiation of gene transcription. We return at the end of the chapter to the other 
ways of regulating gene ^ression. 

Summary 

The genome of a cell contains in its DNA sequence the information to make many 
thousands of different protein and BNA molecules. A cell typically expresses only d 
fraction ofits genes, and the different types of cells in multicellular organisms arise 
because different sets of genes are expressed Moreover, cells can change the pattern 
of genes they express in response to changes in their environment such as sisals from 
other cells. Although all of the steps involved in expressing a gene can in principle be 
regulated, for most genes the initiation ofRNA transcription is the most important 
point of control 



DNA-binding Motifs in Gene 
Regulatory Proteins ® 

How does a ceil determine which ofits thousands of genes to transcribe? As dis- 
cussed in Chapter 8, the transcription of each gene is controlled by a regulatory 
region of DNA near the site where transcription begins. Some regulatory regions 
are simple and act as switches that are thrown by a single signal. Other regula- 
tory regions are complex and act as tiny microprocessors, responding to a vari- 
ety of signals that they interpret and integrate to switch the neighboring gene on 
or off. Whether complex or simple, these switching devices consist of two fun- 
damental types of components: (1) short stretches of DNA of defined sequence 
and (2) gene regulatory proteins that recognize and bind to them. 

We begin our discussion of gene regulatory proteins by describing how these 
protieins were discovered. 

Geiie Regulatory Proteins Were Discovered Using 
Bacterial Genetics ^ 

Genetic analyses in bacteria carried out in the 1950s provided the first evidence 
of the existence of gene regulatory proteins that turn specific sets of genes on 
or off. One of these regulators, the lambda repressor, is encoded by a bacterial 
virus, bacteriophage lambda. The repressor shuts off the viral genes Aat code for 
the protein components of new virus particles and thereby enables the viral ge- 
nome to remain a sUent passenger in the bacterial chromosome> multiplying with 
the bacterium when conditions are favorable for bacterial growth (see Figure 
6-^0). The lambda repressor was among the first gene regulatory proteins to be 
characterized, and it remains one of the best understood, as we discuss later. 
Other bacterial regulators respond to nutritional conditions by shutting off genes 
encoding specific sets of metabolic enzymes when they are not needed. The lac 
repressor, for example, the first of these bacterial proteins to be recognized, turns 
off the production of die proteins responsible for lactose metabolism when this 
sugar is absent from the medium. 

The first step toward understanding gene regulation was the isolation of 
mutant strains of bacteria and bacteriophage lambda that were unable to shut 
off specific sets of genes. It was proposed at the time, and later proved, that most 
of these mutants were deficient in pro/eins acting as specific repressors for these 
sets of genes. Because these proteins, like most gene regulatory proteins, are 
present in small quantities, it was difficult and time-consuming to isolate them. 
They were eventually purified by fractionating cell extracts on a series of stan- 
dard chromatography columns [see pp. 166-169). Once isolated, the pro- 
teins were shown to bind to specific DNA sequences close to the genes that they 
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Figure 9-3 Double-helical structure 
of DNA. The major and minor grooves 
on the outside of the double helix, are 
indicated. The atoms are colored as 
follows: carbon, dark blue; nitrogen 
light blueiYsfdrogen, white; ox^^ 
red; phosphorus, ye/2ou/. 
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Figure 9-71 A mechanism to explain 
both the marked deficiency of CG 
sequences and the priesence of CG 
islands in vertebrate genomes, A 
black line marks the location of an 
unmeth^ated CG dinudeotide in the 
DNA sequence, wiiile a red line marks 
the location of a methylated CG 
dinudeotide. 
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Summary 

The many types of cells in animals and plants are created largely through mecha- 
nisms that cause different genes to be transcribed in different cells. Since many spe- 
dalized animal cells can maintain their unique character when grown in culture, the 
gena regulatory mechanisms involved in creating them must be stable once estab- 
Mted and heritable when the cell divides, endowing the cell with a memory of its 
developmental history. Procaryotes and yeasts provide unusually accessible model 
s^tems in which to study gene regulatory mechamsms, some of which may be rel- 
mnt to the creation ofspeddUzed cell types in higher eucaryotes. One such mecha- 
nism involves a competitive interaction between two (or more) gene regulatory pro- 
teins, each of which inhibits the synthesis of the other; this can create a flip-flop 
switch that switches a cell between two altemadve patterns of gene expression. Di- 
rector indirect positive feedback loops, which eruible gene regulatory proteins to 
perpetuate their own synthesis, provide a general mechanism for cell memory. 

In eucaryotes gene transcription is generally controlled by combinations of gene 
regalatoryprotdns.Itisthot^taMteai^typeofceainahi^9^ 
contains a specific combination of gene regulatory proteins that ensures the expres- 
sion of only those genes appropriate to that type of cell A given gene regulatory pro- 
tein may be expressed in a variety of circumstances and typically is involved in the 
T^idation of many genes. 

in addition to diffusible gene regulatory proteins, inherited states of chromatin 
condensation are also utilized by eucaryoUc cells to regulate gene expressioru In ver- 
tebrates DNA methylation also plays a part, mainly as a device to reinforce decisions 
obom gene expression that are made initialty by other mechanisms. 



Posttranscriptional Controls 

Although controls on the initiation of gene transcription are the predominant 
fonn of regulation for most genes, other controls can act later in the pathway 
from RNA to protein to modulate the amount of gene product that is made. Al- 
jhougb fliese posttranscriptional controls, which operate after RNA polymerase 
has bound to the gene's promoter and begun RNA synthesis, are less common 
^^transcriptional control, loi many genes they are crucial. It seems that every 
step in gene expression that couId.be controlled in principle is likely to be regu- 
^ted under some circumstances for some genes. 

We consider the varieties of posttranscriptional regulation in temporal or- 
er, according to the sequence of events that might be eqjerienced by an RNA 
''^olecyle after its transcription has begun (Figure 9-72). 
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one gene. 
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Figure 6-3 Genes can be esqpressecl 
with different efficiencies. Gene A h 
transcribed and translated much more 
effidend/ than gene B.This allows the 
amount of protein A in the cell to be 
much greater than that of protein E. 
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FROM DNATO RNA 

'n:anscription and translation are the means by which cells read out, or express, 
the genetic instructions in their genes. Because many identical RNA copies can 
be made from the same gene, and each RNA molecule can direct the synthesis 
of many identical protein molecules, cells can synthesize a large amoimt of 
protein rapidly when necessary. But each gene can also be transcribed and 
translated vAth a different efficiency, allowing the ceU to make vast quantities of 
some proteins and tiny quantities of others (Figure 6-3). Moreover, as we see in 
the next chapter, a cell can change (or regulate) the expression of each of its 
genes according to the needs of the moment— most obvioizsly by controlling 
the production of its RNA. 



Portions of DNA Sequence Are Transcribed into RNA 

The first step a cell takes in reading out a needed part of its genetic instructions 
is to copy a particular portion of its DNA nucleodde sequence— a gene— into an 
RNA nucleotide sequence. The information in RNA, although copied into another 
chemical form, is still written in essentially the same language as it is in DNA— 
the language of a nucleotide sequence* Hence the name transcription. 

Like DNA, RNA is a linear polymer made of four different types of nucleotide 
subunits linked together by phosphodiester bonds (Figure 6-^). It differs from 
DNA chemically in two' respects: (1) the nucleotides in RNA are 
ribonucleotides—ihat is, they contain the sugar ribose (hence the name ribonu- 
cleic acid) rather than deo^bose; (2) although, like DNA, RNA contains the 
bases adenine (A), guanine (G), and cytosine (C), it contains the base uracil (U) 
instead of the thymine (T) in DNA Since U, like X can base-pair by hydrogen- 
bonding wifli A (Figure 6-5), the complementary base-pairing properties 
described for DNA in Chapters 4 and 5 apply also to RNA (in RNA, G pairs with 
C, and A pairs with U). It is not unconunon, however, to find other types of base 
pairs in RNA for example, G pairing with U occasionally 

Despite these smsQl chemical differences, DNA and RNA differ quite dra- 
matically in overall structure. Whereas DNA alwa^^ occurs in cells as a double- 
stranded helix, RNA is single-stranded. RNA chains therefore fold up into a 
variety of shapes, just as a polypeptide chain folds up to form the final shape of 
a protein (Figure 6-6). As we see later in this chapter, the ability to fold into com- 
plex three-dimensional shapes allows some RNA molecules to have structural 
and catalytic functions. 



Transcription Produces RNA Comptementar/ to 
One Strand of DNA 

All of the RNA in a cell is made by DNA transcription, a process that has cer- 
tain similarities to the process of DNA replication discussed in Chapter 5. 
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Figure 6-89 Protein aggregates that cause human disease. (A) Schematic illustration of the t/pe of 
conformational change in a protein that produces material for a cross-beta filament. (B) Diagram illustrating 
the self-infectious nature of the protein aggregation that is central to prion diseases. PrP is highly unusual 
because the misfolded version of the protein^ called PrP*, induces the nbrmal PrP protein it contacts: to 
char\g^ its confomriation, as shown. Most of the human diseases caused by protein aggregation are caused by 
the overproduction of a variant protein that is especially prone to agg^neg^tion, but because this structure b 
not infectious in this wa^ it cannot spread from one aninud to another. (Q Drawing of a cross-beta filament, 
a common type of protease-resistant protein i^ragate found in a varies of human neurological diseases. 
Because the hydrogen-bond interacdons in a p sheet form between polypeptide backbone atoms (see Figure 
3-9), a number of different abnormally folded proteins can produce this structure. (O) One of several 
possible models for the conversion of PrP to PrP*, showing the likely change of two o-hellces into four 
p-sQ^ds. Although the structure of the normal protein has been determined accurately, the structure of the 
infectk>us form is not yet known with certainty because the aggregation has prevented the use of standard 
structural techniques. (C, courtesy of Louise Serpell. adapted from M. Sunde et al.J./4ot Bfol 273:729-739, 
1997; D, adapted from S.B. Pmsiner, Trends Bfochem. Sd. 21:482-487, 1996.) 

animals and humans. It can be dangerous to eat the tissues of animals that con- 
tain PrP*, as witnessed most recently by the spread of BSE (commonly referred 
to as the "mad cow disease") from catfle to humans in Great Britain. 

Fortunately, in the absence of PrP*, PrP is extraordinarily difficult to convert 
to its abnormd form. Although very few proteins have the potential to misfold 
Into an infectious conformation, a similar transformation has been discovered 
to be the cause of an otherwise mysterious "protein-only inheritance" observed 
in yeast cells. 

There Are Many Steps From DNA to Protein 

We have seen so far in this chapter that many different types of chemical reac- 
tions are required to produce a properly folded protein from the information 
contained in a gene (Figure &-90). The final level of a properly folded protein in 
a ceU Aerefore depends upon the efficiency with which each of the many steps 
is performed. 

We discuss in Chapter 7 that ceils have the ability to change the levels of 
their proteins according to their needs, hi principle, any or all of the steps in Fig- 
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Figure 6-90 The production of a 
protein by a eucaryotic cell. The final 
level of each protein in a eucaryotic cell 
depends upon the effidenc/ of each step 
depicted. 
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ure 6-90] could be regulated by the cell for each individual protein. However, as 
- we shall see in Chapter 7, the initiation of transcription is the most common 
point for a cell to regulate the expression of each of its genes. This makes sense, 
inasmuch as the most efficient way to keep a gene from being expressed is to 
block the very first-step— fte transcription of its DNA sequence into an RNA 
molecule. 



Summary 

The translation of^ nucleotide sequence of an mBNA molecule into protein takes 
place in the cytoplasm on a large ribonucleoprotein assembly called a ribosome. The 
amino acids used for protein syn^iesis are first attached to a family of tRNA 
molecules, each of which recognizes, by complementary base-pair interactions, par- 
ticular sets of three nucleoUdes in the mENA (codons). The sequence of nucleotides in 
the mRNA is then read from one end to the other in sets of three according to the 
genetic code. 

To initiate translation, a small ribosomal subunit binds to the mRNA molecule 
at a start codon (fiUG) that is recognized by a unique initiator tRNA molecule. A 
large nbosomal subunit binds to complete the ribosome and begin the elongation 
phase of protein synthesis. During this phase, aminoacyl tRNAS'-each bearing a 
specific amino acid bind sequentially to the appropriate codon in mRNA by forming 
complementary base pairs with the tRNA anticodon. Each amino acid is tuided to the 
C-terminal end of the growing polypeptide by means of a cycle of three sequential 
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Figure 7-^ Six step$ at which 
eucaryotic gene expression csm be 
controlled. Controls idiat operate at 
steps i through 5 are discussed in this 
chapter. Step 6, the regulation of protein 
activhy, Includes reversible activation or 
inactfvatlon by protein phosphor/tation 
(discussed in Chapter 3) as well as 
Irreversible inactivation by proteolytic 
degradation (discussed in Chapter 6). 



Gene Expression Can Be Regulated at Many of the Steps 
in the Pathway from DNA to RNA to Protein 

If differences among the various cell types of an organism depend on the partic- 
ular genes that the cells express, at what level is the control of gene expression 
exercised? As we saw in the last chapter, there are many steps in the pathway 
leading from DNA to protein, and all of them can in principle be regulated. Thus 
a cell can control the proteins it makes by (1) controlling vjhen and how often a 
given gene is transcribed [traiiscriptioiial control), (2) controlling how the RNA 
transcript is spliced or otherwise processed (RNA processing conttoQ, (3) 
selecting which completed mRNAs in the cell nucleus are exported to the cytcsol 
and determining where in the cytosol they are localized (RNA transport and 
localization control), (4) selecting which mRNAs in the cytoplasm are translated 
by ribosomes (translational control), (5) selectively destabilizing certain inRNA 
molecules in die cytoplasm (mRNA degradation control), or (6) selectively acti- 
vating, inactivating, degrading, or compartmentalizing specific protein 
molecules after they have been made (protehi activity control) (Figure 7-5). 

For most genes transcriptional controls are paramount. This makes sense 
because, of all the possible control points illustrated in Figure 7-5, only tran- 
scriptional control ensures that the cell will not synthesize superfluous interme- 
diates. In the following sections we discuss the DNA and protein components 
that perform this function by regulating the initiation of gene transcription. We 
shall return at the end of the chapter to the additional ways of regulating gene 
expression. 



Summary 

The ^nome ofa ceU contains in Us DNA sequence the information to make many 
thousands ofdiffmnt protein and RNA molecules. A cell typically expresses only a 
fraction of its genes, and the different types of cells in multicellular organisms arise 
because different sets of genes are expressed. Moreover, cells can change the pattern 
of genes they express in response to changes in their environment, such as signals 
from other ceMs. Although all of the steps involved in expressinga gene can in prin- 
ciple he regulated, for most genes the initiation of RNA transcription is the most 
. ^portant point of control 



DNA-BINDING MOTIFS IN GENE REGULATORY 
PROTEINS 

How does a cell determine which of its tiiousands of genes to transcribe? As 
mentioned briefly m Chapters 4 and 6, the transcription of each gene is con- 
^oUed by a regulatory region of DNA relatively near the site where transcription 
begins. Some regulatory regions are simple and act as switches that are thrown 
fy a single signal. Many others are complex and act as tmy microprocessors, 
•responding to a variety of signals diat they interpret and integrate to switch the 
^neighboring gene on or oE Whetiier complex or simple, these switching devices 

Ina-binding motifs in gene regulatokt proteins 



occur in the genn line, the cell lineage that gives rise to spem or eggs. Most of 
the DNA in vertebrate germ cells is inactive and highly methylated. Over long 
periods of evolutionary time, the methylated CG sequences in these inactive . 
regions have presumably been lost through spontaneous deamination events 
that were not properly repaired. However promoters of genes that xemain active 
in the germ cell lineages (including most housekeeping genes) are kept 
unmeth^dated, and therefore spontaneous deaminations of Cs that occiir with- 
in them can be accurately repaired. Such regions are preserved in modem day 
vertebrate cells as CG islands. In addition, any mutation of a CG sequence in the 
genome that destroyed the function or regulation of a gene in the adult would be 
selected against and some CG islands are simply the result of a hi^er than nor- 
mal density of critical CG sequences. 

The manunalian genome contains an estimated 20,000 CG islands. Most of 
the islands mark the 5' ends of transcription units and thus, presumably, of 
genes. The presence of CG islands often provides a convenient way of identify- 
ing genes in the DNA sequences of vertebrate genomes. 

Summary 

The many types of cells in animals and plants are created largely through mecha- 
nisms that cause different genes to be transcribed in different cells. Since many 
specialized animal cells can maintain their unique character throu^ many cell 
division cydles and even when grown in culture, the gene regulatory mechanisms 
involved in creating them must be stable once established and heritable when the 
cell divides. Thesefeatures endow the cell with a memory of its developmental history. 
Bacteria and yeasts provide unusually accessible model systems in which to study 
gene regulatory mechanisms. One such mechanism involves a competitive interac- 
tion between two gene regulatory pro^ins, each ofwhidi inhibits the synthesis of the 
other; this can create a flip-flop switch that switches a cell between two alternative 
patterns of gene expression. Direct or indirect positive feedback loops, which enable 
gene regulatory proteins to perpetuate their own synthesis, provide a general mech- 
anism for cell memory Negative Jeedbiack loops wi^ programmed delays form the 
basisJbrceUularclodcs. 

In eucaryotes the transcription of a gene is generally controlled by combinations 
of gene regulatory proteins. It is thou^t that each type of cell in a higher eucaryotic 
organism contains a specific combination of gene regulatory proteins that ensures 
the expression of only those genes appropriate to that type of cell A gfven gene regu- 
latory protein may be active in a variety of circumstances and typically is involved 
inthe regulation of many genes. 

In addition to diffusible gene regulatory proteins, inherited states of chromatin 
condensation are also used by eucaryotic cells to regulate gene expression* An espe^ 
dally dramatic case is the inactivation of an entire X chromosome in female mam- 
mals. In vertebrates DNA methykuion also functions in gene regulation, being used 
mainly as a device to r^nforce decisions about gene expression that are made ini- 
tially by other mechanisms. DNA methylation also underlies the phenomenon of 
genomic imprinting in mammals, in which the expression of a gene depends on 
whether it was inheritedjrom the mooter or the father. 



POSTTRANSCRIPTIONAL CONTROLS 

In principle, every step required for the process of gene expression could be 
controlled. Indeed, one can find examples of each type of regulation, although 
any one gene is likely to use only a few of them. Controls on the initiation of 
gene transcription are the predominant form of regulation for most genes. But 
other controls can act later in the pathway from DNA to protein to modulate 
the amount of gene product that is made. Although these posttranscriptional 
controls, which operate after RNA polymerase has boxmd to the gene's promoter 
^d begun RNA synthesis, are less common than transcriptional Control for 
inany genes they are crucial. 
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Figiire 7-86 A mechanism to explain 
both the marked overall defidenqr 
of CG sequences and their clustering 
into CG islands In vertebrate 
genomes. A biock Fme marks the location 
of a CG dinucleotide in the DNA 
sequence, while a red 'ioliipop** indicates 
the presence of a methyl group on the 
CG dinucleotlde. CG sequences that lie In 
r^ulatory sequences of genes that are 
transcribed in germ cells are unmeth/lated 
and therefore tend to be retained In 
evolutioa liethyfated CG sequences, on 
the o|her hand»tend to be bst through 
deamination of S-methyl C toT, unless the 
CG sequence is critical for survival. 
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CHAPTER 29 



Regulation of transcription 



ffft phenDt.vplc dUWri^nces Dial difiiti^uish ihe 
^.^fioiis ktiuls or ill a hlfclitrr vufcaryute are 
^j^r^ety due lo' diffirrtrnrcs'iii ihv rxprrsslon or* 
«fDe$ tbnl coile fnr pniieins. Ilini is. those trsin* 
,^ril>ed hy RNA |M»lyjnfrasf 11. ]ii priiu'lpte. the 
expression of Ihesf {iciu's miirhJ lie rr^iilaied ai 
ativ owe of several singes. Tl>e conrepi of ilie 
-Ifvri of ronlroP implies lUni gene expression 
' is voi necessarilv an aiUoTiiaiic pi-oeess oacr il 
tias bc^uiu li could he regulated in ■ a gene- 
specinc it'ar ai any one n( 5everai sequential 
steps- We can dl.^tiiifutsli <at leaM) five poteii^ 
lial coiUnit points, riinntng: ttie series: 

Arttvalimi of ^ene stnu-unv 
i 

'liiitialiim of ti^nsrriptitm 
i 

Protfssing the trniiMTiiM 
I 

tianspoit to cvioplasni 
X 

TraiiMiiliitn «r mH\A 

TIte exj5len(*e of ll)e firsl s\v^ is inijdied liy 
ihe drsrovery that genes may exist in either of 
nr<» 5tniftUi*ftl i-onditioiis. ItelaiJvr li> (he stale 
(if niosl uf the genome, {^enes are found in 
nn **arlive* Stale in the cells in uhiih they 
anf expressed (see Chapicr 2'), The clxange of 
siriuiitre is distinct tttmt ihe aci of transcri^* 
lion, and indicates tl>ai Ihe gene is nranscsib> 
able." This suggests that acquisition or Ihe 
*'actire^ structure musl be I be firM step in gene 
expression. 

Tmnscrtpiton or a ^ene in the aclive state is 



eomrolled at the sla^r of initiation, lhai is. t>y 
the tiitei-aciion of RNA potymerase with its pni- 
moier. Iliis Is now becoming .susceptible to 
analysis In the in nVm s>^te.u» (see Chapter 
2a). For most genes, this 1.^ a luaior control 
point: probably it is the most ctmiinon level or 
regnlAlion. 

There is at present v\o evidence for control 
at subse^iuent sta^s of Iraiiscripiian in eiikary- 
otic cclls» for example., via autilemiinalion 
mechanisms. 

The primary transcript is modified liy capping 
at Ihe 5' end, and usually also hy polyadenyla- 
tion at the V end. imrons initsi lie spliced out 
Truiu the tran.«vrlpts of iiuerrnpied genes. Tlie 
mature ANA must lie esporicd rmm the nucleus 
lo ll'ie cvtopliiMii. IVesuilaticMi of ^ene expression 
by selection or 5e<{uenccs ol the Irvef of nuclear 
RNA mi|iht iiiviiJw nny ax ail of these stages, 
but the one for whldi n-e have most evidence 
concents changes in splicing: some genes are 
e3ipn:5seil by means uf attentative splicing put* 
tents \\iw$\f regulutiopi controls Ihe ly|>e of pro- 
tein product (see Chapter m). 

Rnally. ihe iranslailon of an mUNA tn the ono- 
plasin can be specincally controlled. Tiiere is liule 
evidence for Ihe employmeiU of this luedianism in 
adtdl somalfc cells* bu| it clues occur ii\ some 
enihr>«nic MtuHiions« as Uescniied in Ch<*iplcr T, 
-Tlie mechanism is presuuAticl to involve the hlock- 
or Inlilfttlon of translaiion of isome mRNAs by 
specific protein factors. 

But having acknowledged that ccmtrol of gene 
expression can occur at multiple stages, and 
that production of RNA cannot ineWtably be 
equaled with production of protein, it Is clear 



ale 
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that ihe ovenvhelming majority of regulatoiy 
. events occur al ihe inttiolion of iranscriptiofU 
Regulation uf tlssue-spectnc gene ironscrSplibn 
ties al the heart of eukaryolic difTerentiation; 
indeed, we see examples in Chapter 3a in 
which proteins Hut resrulaie embryonic devel- 
opment prove to be Iranscriplion Taciori. A reg- 
ulatoo' transcription Tacior serves lo provide 



common control of a large number of lar^t 
genes* and we seek lo answer two questions 
about this mode of regulation: wh^t identiries 
the common target genes lo ihe transcripiion 
factor, and how is the activity of the irnnscrip- 
tion factor itself regulated in response to iniriii- 
sic or extrinsic signals? 



Response elements idenlil'y genes under common 
reguiation 



The principle that emerges from characterizing 
groups of genes under common tronirol is t1)dt 
they share a pivmoier eletnent that is rtcogniztd 
by a rtgiUaiory iransaiption factor. An element 
Chat causes a gene to* respond to such a factor 
is called a response elentCDt: examples are Ihe 
USE (heat shock response element), GRE 
(glucocorticoid response element^ SRE (scruin 
response element}. 

The properties of some inducible transcription 
factors and Ihe elements that they recognize are 
summarized in. Table 29.1. Kesponse elements 
have the same general characteristics as 
upstream elements of promoters or enhancers. 
"Htey contain short consensus sequences, and 
copies of the response elements found in dir- 
fereni genes are closely related, but not neces- 
sarily identical. The region bound by the factor 
extends for* a short distance on either side of 



Table 29.1 Intfiicit;!e transcr:pi.or: faclcrs bird ic 
response Elumenls that I'dcnt.fy groups c! rromclers 
01 eihuHCsrs sufcjecl lo coc;di/icitG cor.ircl. 



Regutstory Agent Modub Consensus 



Factor 



He«S shock HS£ CNNGAAHNTCCNNG HSTTf 

Giucocofticoiit GRE TGQTACMATGnCT avceptor 

Pnoitsol ester TRE TGAC1CA API 

Sefwn SRE CCATATTAGG SAF 



the consensus sequence. In promoters* the eir- 
menis are not present at fixed distances Troro 
Ihe slartpoint, but are usually <200 bp upstream 
of It. The presence or a single element usuaUy 
is sutndem to confer the- regulatory resp^* 
but sometimes there are mtili^rie copiers. 

Kesponse elements may be located in pi^ 
molers or In enhancers. Some types of elemcnis 
are typically found in one rather than the other, 
usually an HSE is found in a promoter, white ^ 
ORE is found in an enhancer. We assume th>i 
all response ele.ments function by the s*"'' 
general principle. A g<nc is regulate4f ^/ 
sequence at (he promoter or enhancer thai ^ 
recognized py a specific protein. The P^'^ 
Junahns as a transcription factor needed 
BSX poiytnensse ta initiate' Active prouin ^ 
avaiia^ anfy under conditions tvhen the ^ ^ 
fo he expressed; its absence nteetns thai tht 
moter is not aciivaied by this particutor a^rf'* 

An example of a situation in which ^^^^ 
genes are controlled by a single factor Is 
\ided by the heal shock response. This ^^^^ 
mpn lo a wide range of prokoryotes 
eukar>*ole5 and involves multiple conlfo**^ 



gene expression: an mcrease in 



turns off transcription of some genes. 
transcription of the heat $hock &^^^'^\<' 
causes changes in the translation of ^ ^ 
The control of the heal shock genes Ul'J*' 
the differences between prokaiyoiic 
eukaryotic modes of conut>L in. bacteTia* ' 
Sigma factor is synthesized that ^^^^^ ^^e^ 
polymerase hotoenzyme to recognizi^ 
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Background: Prostate stem cell antigen (PSCA) is a recently defined homologue of the Thy-l/Ly-6 family of 
giycosylphosphatidyRnosltol (GPI)-anchored cell surface antigens. The purpose of the present study was to 
examine the expression status of PSCA protein and mRNA in cRnlcal specimens of human prostate cancer (Pea) 
and to validate it as a potential molecular target for diagnosis and treatment of Pea. 

Materials and Methods: Immunohistochemical (IHC) and w situ hybridization (ISH) analyses of PSCA 
expression were simultaneously performed on paraffin-embedded sections from 20 benign prostatic hyperplasia 
(BPH), 20 prostatic Intraepithelial neoplasm (PIN) and 48 prostate cancer (Pea) tissues, including 9 androgen- 
Independent prosute cancers. The level of PSCA expression v/as semi quantitatively scored by assessing both the 
percentage and Intensity of PSCA-positive staining cells in the specimens. Then compared PSCA expression 
between BPH. PIN and Pea tissues and analysed the correlations of PSCA expression level with pathological grade, 
clinical stage and progression to androgen-independence in Pea. 

Results: In BPH and low grade PIN. PSCA protein and mRNA staining were weak or negative and less intense 
and uniform than that seen in HGPIN and Pea. There were moderate to strong PSCA protein and mRNA 
expression fn 8 of 1 1 (72.7%) HGPIN and in 40 of 48 (83.4%) Pea specimens examined by IHC and ISH analyses, 
with statistical significance compared with BPH (20%) and low grade PIN (22.2%) samples (p < 0,0S, respectively). 
The expression level of PSCA increased with high Gleason grade, advanced stage and progression to androgen- 
independence (p < 0.0S» respectively). In addition, IHC and ISH staining showed a high degree of correlation 
between PSCA protein and mRNA overexpression. 

Conclusions: Our data demonstrate that PSCA as a new cell surfece marker Is overexpressed by a maiority of 
human Pea. PSCA expression correlates positively with adverse tumor characteristics, such as increasing 
pathological grade (poor cell differentiation), worsening clinical stage and androgen-independence, and 
speculatively with prostate carcinogenesis. PSCA protein overexpression results from upregulated transcription 
of PSCA mRNA. PSCA may have prognostic utility and may be a promising molecular target for diagnosis and 
treatment of Pea* 
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Introduction 

Prostate cancer (Pea) is the second leading cause of can- 
cer-related death in American men and is becoming a 
common cancer inaeasing in China. Despite recently 
great progress in the diagnosis and management of local- 
ized disease, there continues to be a need for new diagnos- 
tic markers that can accurately discriminate between 
indolent and aggressive variants of Pea. There also contin- 
ues to be a need for the identification and characterization 
of potential new therapeutic targets on Pea cells. Current 
diagnostic and therapeutic modalities for recurrent and 
metastatic Pea have been limited by a lade of specific tar- 
get antigens of Pea. 

Although a number of prostate-specific genes have been 
identified (i.e. prostate spedfzc antigen, prostatic add 
phosphatase, glandular kallikrein 2], the majori^ of these 
are seaeted proteins not ideally suited for many immuno- 
logical strategies. So, the identification of new cell surface 
antigens is critical to the development of new diagnostic 
and therapeutic approadies to the management of Pea. 

Reiter RE et al |1] reported the identification of prostate 
stem cell antigen (PSCA), a cell sur&ce antigen that is pre- 
dominantly prostate spedfic The PSCA gene encodes a 
123 amino acid glycoprotein, with 30% homology to 
stem cell antigen 2 (Sea 2). Like Sca-2, PSCA also belongs 
to a member of the Thy-l/Ly-6 family and is anchored by 
a glycosylphosphatidylinositol (GPI) linkage. mRNA in 
situ hybridization (iSH) localized PSCA expression in nor- 
mal prostate to the basal cell epithelium, the putative 
stem cell compartment of prostatic epithelium, suggesting 
that PSCA may be a marker of prostate stem/progenitor 
cdls. 

In order to examine the status of PSCA protein and mRNA 
expression in human Pea and validate it as a potential 
diagnostic and therapeutic target for Pea, we used immu- 
nohistochemistry (IHC) and in situ hybridization (ISH) 
simultaneously, and conducted PSCA protein and mRNA 
expression analyses in paraffin-embedded tissue sped- 
mens of benign prostatic hyperplasia (BPH, n « 20), pros- 
tate intraepithelial neoplasm (PIN, n - 20) and prostate 
cancer (Pea, n - 48). Furthermore, we evaluated the possi- 
ble corrdation of PSCA expression level with Pea tumori- 
genesis, grade, stage and progression to androgen- 
independence. 

Materials and methods 
Tissue samples 

All of the clinical tissue specimens studied herein were 
obtained from 80 patients of 57-84 years old by prostate- 
ctomy, transurethral resection of prostate (TURP) or biop- 
sies. The patients were dassified as 20 cases of BPH, 20 
cases of PIN, 40 cases of primary Pea, including 9 patients 



with recurrent Pea and a history of androgen ablation 
therapy (orchiectomy and/or hormonal therapy), who 
were referred to as androgen-independent prostate can- 
cers. Eight specimens were harvested from these andro- 
gen-independent Pea patients prior to androgen ablation 
treatment. Each tissue sample was cut into two parts, one 
was fixed in 10% formalin for IHC and the other treated 
with 4% paraformaldehyde/0.1 M PBS PH 7.4 in 0.1% 
DEPC for 1 h for ISH analysis, and then embedded in par- 
affin. All paraffm blocks examined were then cut into 5 
\im sections and mounted on the glass slides specific for 
IHC and ISH respeaively in the usual feshion. H&E- 
stained section of each Pea was evaluated and assigned a 
Gleason score by the experienced urological pathologist at 
our institution based on the criteria of Gleason score |2). 
•The Gleason sums are summarized in Table 1. Ginieal 
staging was performed according to lewett-whitmore- 
prout staging system, as shown in Table 2. In the category 
of PIN, we graded the specimens into two groups, i.e. low 
grade PIN (grade I - II) and high grade PIN (HGP1N, 
grade HI) on the basis of literatures |3,4|. 

tmmunohistochemical (IHC) analysis 
Briefly, tissue sections were deparafQnized, dehydrated 
and subjeaed to microwaving in 10 mmol/L dtrate 
buffer, PH 6.0 (Boshide, Wuhan, China) in a 900 W oven 
for 5 mi n to induce epitope retrieval. Slides were allowed 
to cool at room temperature for 30 min. A primary mouse 
antibody specific to human PSCA (Boshide, Wuhan. 
China) with a 1 : 100 dilution was applied to incubate with 
the slides at room temperature for 2 h. Labeling was 
detected by sequentially adding biotinylated secondary 
antibodies and strepavidin-peroxidase, and localized 
using 3,3'-diaminobenzidine reaction. Sections were then 
counterstained with hematoxylin. Substitution of the pri- 
mary antibody with phosphate-bufifered-saline (PBS) 
served as a negative-staining control. 

mRNA in situ hybritlizatlon (ISH) 

Five-jim- thick tissue sections were deparaffinized and 
dehydrated, then digested in pepsin solution (4 mg/ml in 
3% duie acid) for 20 min at 37.5 'C, and further proc- 
essed for ISH. Digoxigenin-labeled sense and andsense 
human PSCA RNA probes (obtained from Boshide, 
Wuhan, China) were hybridized to the sections at 48' C 
overnight. The posthybridization wash with a high strin- 
gency was performed sequentially at 37* C in 2 x standard 
saline citrate (SSC) for 10 min, in 0.5 x SSC for 15 min 
and in 0.2 k SSC for 30 min. The slides were then incu- 
bated to biotinylated mouse anti-digoxigenin antibody at 
37. 5 *C fori h followed by washing in 1 « PBS for 20 min 
at room temperature, and then to strepavidin-peroxidase 
at 37.5 *C for 20 min followed by washing in 1 x PBS for 
15 min at room temperature. Subsequently, the slides 
were developed with diaminobenzidine and then coun- 
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Table I: Correlation of PSCA expression with Gleason score 



Intensity k frequency 



Gleason score 



0-6 (%) 



9(%) 



2-4 
S-7 

a-io 



5(83) 
19(79) 
5(28) 



)(I7) 
5(21) 
13(72) 



Table 2: Correlation of PSCA expression with clinical stage 



Intensity x frequency 



Tumor stage 



0-6 (%) 



9(%) 



27 (67.5) 
2(25) 



13(32.5) 
6(75) 



terstained with hematoxylin to localize the hybridization 
signals. Sections hybridized with the sense control probes 
routinely did not show any specific hybridization signal 
above background. All slides were hybridized with PBS to 
substitute for the probes as a negative conuol. 

Scoring methods 

To determine the correlation between the results of PSCA 
immunostaining and mRNA in situ hybridization, the 
same scoring manners are taken in the present study for 
PSCA protein staining by IHC and PSCA mRNA staining 
by ISH. Each slide was read and scored by two independ- 
endy experienced urological pathologists using Olympus 
BX-41 light miaoscopes. The evaluation was done in a 
blinded fashion. For each sertion, five areas of similar 
grade were analyzed semiquantitatively for the firaction of 
cells staining. Fifty percent of specimens were randomly 
chosen and rescored to determine the degree of interob- 
server and intraobserver concordance. There was greater 
than 95% intra- and interobserver agreement. 

The intensity of PSCA expression evaluated microscopi- 
cally was graded on a scale of 0 to 3+ with 3 being the 
highest expression observed (0, no staining; 1+, mildly 
intense; 2+, moderately intense; 3+, severely intense). The 
staining density was quantified as the percentage of cells 
staining positive for PSCA with the primary antibody or 
hybridization probe, as follows: 0 = no staining; 1 = posi- 
tive staining in <25% of the sample; 2 - positive staining 
in 25%-50% of the sample; 3 = positive staining in >50% 



of the sample. Intensity score (0 to 3+) was multiplied by 
the density score (0-3) to give an overall score of 0-9 
[1,5], In this way, we were able to differentiate specimens 
that may have had focal areas of inaeased staining from 
those that had diffuse areas of increased staining (6|. The 
overall score for each specimen was then categorically 
assigned to one of the following groups: 0 score, negative 
expression; 1-2 scores, weak expression; 3-6 scores, mod- 
erate expression; 9 score, strong expression. 

Statistical analysis 

Intensity and density of PSCA protein and mRNA expres- 
sion in BPH, PIN and Pea tissues were compared using the 
Chi-square and Student's r-test. Univariate associations 
between PSCA expression and Gleason score, clinical 
stage and progression to androgen-independence were 
calculated using Fisher's Exact Test. For ail analyses, p < 
0.05 was considered statistically significant. 

Results 

PSCA expression In BPH 

In general, PSCA protein and mRNA were expressed 
weakly in individual samples of BPH. Some areas of 
prostate expressed weak levels (composite score 1-2), 
whereas other areas were completely negative (composite 
score 0). Four cases (20%) of BPH had moderate expres- 
sion of PSCA protein and mRNA (composite score 4-6) 
by IHC and ISH. In 2/20 (10%) BPH specimens. PSCA 
mRNA expression was moderate (composite score 3-6), 
but PSCA protein expression was weak (composite score 
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2) in one and negative (composite score 0) in the other. 
PSCA expression was localized to the basal and secretory 
epithelial cells, and prostatic suoma was almost negative 
staining for PSCA protein and mRNA in all cases 
examined 

PSCA expression In PIN 

In this study, we detected weak or negative expression of 
PSCA protein and mRNA scores) in 7 of 9 (77.8%) 
low grade PIN and in 2 of 1 1 (18.2%) HGPIN, and mod- 
erate expression (3-6 scores) in the rest 2 low grade PIN 
and 5 of 11 (45.5%) HGPIN. One HGPIN with moderate 
PSCA mRNA expression (6 score) was found weak stain- 
ing for PSCA protein (2 score) by IHC. Strong PSCA pro- 
tein and mRNA expression (9 score) were deteaed in the 
remaining 3 of 11 (27.3%) HGPIN. There was a statisti- 
cally significant difference of PSCA protein and mRNA 
expression levels observed between HGPIN and BPH (p < 
0.05), but no statistical difference reached between low 
grade PIN and BPH (p > 0.05). 

PSCA expression in Pea 

In order to determine if PSCA protein and mRNA can be 
detected in prostate cancers and if PSCA expression levels 
are increased in malignant compared with benign glands, 
Forty-eight paraffin-embedded Pea specimens were ana- 
lysed by IHC and ISH. It was shown that 19 of 48 (39.6%) 
Pea samples stained very strongly for PSCA protein and 
mRNA with a score of 9 and another 21 (43.8%) speci- 
mens displayed moderate staining with scores of 4-6 (Fig- 
ure 1). In addition, 4 specimens with moderate to strong 
PSCA mRNA expression (scores of 4-9) had weak protein 
staining (a score of 2) by IHC analyses. Overall, Pea 
expressed a significantly higher level of PSCA protein and 
mRNA than any other specimen category in this study (p 
< 0.05, compared with BPH and PIN respcaively). The 
result demonstrates that PSCA protein and mRNA are 
overexpressed by a majority of human Pea. 

Correlation of PSCA expression with Gleason score in Pea 
Using the semi-quantitative scoring method as described 
in Materials and Methods, we compared the expression 
level of PSCA protein and mRNA with Gleason grade of 
Pea, as shown in Table 1. Prostate adenocarcinomas were 
graded by Gleason score as 2-4 scores » well-differentia- 
lion, 5-7 scores = moderate-differentiation and 8-10 
scores = poor-differentiation [7]. Seventy-two percent of 
Gleason scores 8-10 prostate cancers had very strong 
staining of PSCA compared to 21% with Gleason scores 
5-7 and 17% with 2-4 respectively, demonstrating thai 
poorly differentiated Pea had significantly stronger 
expression of PSCA protein and mRNA than moderately 
and well differentiated tumors (p < 0.05). As depicted in 
Figure I, IHC and ISH analyses showed that PSCA protein 
and mRNA expression in several cases of poorly differen- 



tiated Pea were particularly prominent, with more intense 
and uniform staining. The resulu indicate that PSCA 
expression increases significantly with higher tumor grade 
in human Pea. 

Correlation of PSCA expression with clinical stage in Pea 
With regards to PSCA expression in every stage of Pea, we 
showed the results in Table 2. Seventy-five percent of 
locally advanced and node positive cancers (i.e. C-D 
stages) expressed statistically high levels of PSCA versus 
32.5% that were organ confined (i.e. A-B stages) (p < 
0.05). The data demonstrate that PSCA expression 
inaeases significantly vrith advanced tumor stage in 
human Pea. 

Coire/otiofi of PSCA express/on with androgen* 
independent progfes^on of Pea 

All 9 specimens of androgen-independent prostate can- 
cers stained positive for PSCA protein and mRNA. Eight 
specimens were obtained from patients managed prior to 
androgen ablation therapy. Seven of eight (87.5%) of 
these androgen-independent prostate cancers were in the 
strongest staining category (score = 9), compared with 
three out of eight (37.5%) of padents widi androgen- 
dependent cancers (p < 0.05). The results demonstrate 
that PSCA expression increases significantly with progres- 
sion to androgen-independence of human Pea. 

It is evident from the results above that within a majority 
of human prostate cancers the level of PSCA protein and 
mRNA expression correlates significandy with increasing 
grade, worsening stage and progression to androgen-inde- 
pendence. 

Correlation of PSCA Immunostaining and ntRNA in situ 
hybridization 

In all 88 specimens surveyed herein, we compared the 
results of PSCA IHC staining with mRNA ISH analysis. 
Posidve staining areas and its intensity and density scores 
evaluated by IHC were identical to those seen by ISH in 79 
of 88 (89.8%) specimens (18/20 BPH, 19/20 PIN and 42/ 
48 Pea respectively). Importantly, 27/27 samples with 
PSCA mRNA composite scores of 0-2, 32/36 samples 
with scores of 3-6 and 22/24 samples with a score of 9 
also had PSCA protein expression scores of 0-2, 3-6 and 
9 respectively. However, in 5 samples with PSCA mRNA 
overall scores of 3-6 and in 2 with scores of 9 ihere were 
less or negative PSCA protein expression (i.e. scores of 0- 
4), suggesting that this may reflect posttranscriptional 
modification of PSCA or that die epitopes recognized by 
PSCA mAb may be obscured in some cancers. The data 
demonstrate that the results of PSCA immunostaining 
were consistent with those of mRNA ISH analysis, show- 
ing a high degree of correlation between PSCA protein 
and mRNA expression. 
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Figure t 

Representatives of PSCA IHC and ISH staining in Pea (A. IHC staining, B. ISIH staining. x200 magnification}. A,. Bj: negative con* 
trol of IHC and iSIH. PBS replacing tlie primary antibody (A,) and hybridization v/ith a sense PSCA probe (B,) showed no back- 
ground staining. A2. B2: a moderately differentiated Pea (Gleason score = 3+3 = 6) with moderate staining (composite score = 
6) In all malignant cells; A2: IHC shows not only cell sur^ce but also apparent cytoplasmic staining of PSCA protein. A3. S3: a 
poorly differentiated Pea (Gleason score = 4+4 = 8) with very strong staining (composite score = 9) in all malignant cells. 
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Discussion 

PSCA is homologous to a group of cell surface proteins 
that mark the earliest phase of hematopoietic develop- 
ment. PSCA mRNA expression is prostate-specific in nor- 
mal male tissues and is highly up-regulated in both 
androgen-dependem and-lndependent Pea xenografts 
(IAPC-4 tumors). We hypothesize that PSCA may play a 
role in Pea tumorigenesis and progression, and may serve 
as a target for Pea diagnosis and treatment, in this study, 
IHC and ISH showed that in general there were weak or 
absent PSCA protein and mRNA expression in BPH and 
low grade PIN tissues. However, PSCA protein and mRNA 
are widely expressed in HGPIN, the putative precursor of 
invasive Pea, suggesting that up-regulation of PSCA is an 
eariy event in prostate carcinogenesis. Recently, Reiter RE 
et al [1 ], using ISH analysis, reported that 97 of 1 18 (82%) 
HGPIN specimens stained strongly positive for PSCA 
mRNA. A veiy similar finding was seen on mouse PSCA 
(mPSCA) expression in mouse HGPIN tissues by Tran C 
P et al (8). These data suggest that PSCA may be a new 
marker associated with transformation of prostate cells 
and tumorigenesis. 

We observed that PSCA protein and mRNA are highly 
expressed in a large percentage of human prostate cancers, 
including advanced, poorly differentiated, androgen- 
independent and metastatic cases. Fluorescence-activated 
cell sorting and confocal/ immunofluorescent studies 
demonstrated cell surface expression of PSCA protein in 
Pea cells [9). Our IHC expression analysis of PSCA shows 
not only cell surface but also apparent cytoplasmic stain- 
ing of PSCA protein in Pea specimens (Figure 1). One pos- 
sible explanation for this is that anti-PSCA antibody can 
recognize PSCA peptide precursors that reside in the cyto- 
plasm. Also, it is possible that the positive staining that 
appears in the cytoplasm is aaually from the overlying 
cell membrane [5]. These data seem to indicate that PSCA 
is a novel cell surface marker for human Pea. 

Our results show that elevated level of PSCA expression 
correlates with high grade (i.e. poor differentiation), 
increased tumor stage and progression to androgen-inde- 
pendence of Pea. These findings support the original IHC 
analyses by Gu Z et al [9], who reported that PSCA protein 
expressed in 94% of primary Pea and the intensity of 
PSCA protein expression increased with tumor grade, 
stage and progression to androgen-independence. Our 
results also collaborate the recent work of Han KR et al 
[10), in which the significant association between high 
PSCA expression and adverse prognostic features such as 
high Gleason score, seminal vesicle invasion and capsular 
involvement in Pea was found. It is suggested that PSCA 
overexpression may be an adverse predictor for recur- 
rence, clinical progression or survival of Pea. Kara H et al 
111) used RT-PCR detection of PSA, PSMA and PSCA in 1 



ml of peripheral blood to evaluate Pea patients with poor 
prognosis. The results showed that among 58 PCa 
patients, each PCR indicated the prognostic value in the 
hierarchy of PSCA>PSA>PSMA KT-PCR* and exti^rostatic 
cases witii positive PSCA PCR indicated lower disease-pro- 
gression-free sun^ival than those with negative PSCA PCR« 
demonstrating that PSCA can be used as a prognostic fac- 
tor. Dubey P et al |12) reported that elevated numbers of 
PSCA -1^ cells correlate positively with the onset and deveU 
opment of prostate carcinoma over a long time span in 
the prostates of the TRAMP and PTEN models com- 
pared with its normal prostates. Taken together with our 
present findings, in which PSCA is overexpressed from 
HGPIN to almost frank carcinoma, it is reasonable and 
possible to use increased PSCA expression level or 
increased numbers of PSCA-positive cells in the prostate 
samples as a prognostic marker to predla the potential 
onset of this cancer. These data raise the possibility that 
PSCA may have diagnostic utility or dinical prognostic 
value in human Pea. 

The cause of PSCA overexpression in Pea is not known. 
One possible mechanism is that it may result from PSCA 
gene amplification. In humans, PSCA is located on chro- 
mosome 8q24.2 (1], which is often amplified in meta- 
static and recurrent Pea and considered to indicate a poor 
prognosis 113-15). Interestingly, PSCA is in close proxim- 
ity to the e-myc oncogene, which is amplified in >20% of 
recurrent and metastatic prostate cancers [16,17]. Reiter 
REetal |18| reported tiiat PSCA and MYC gene copy num- 
bers were co-amplified in 25% of tumors (five out of 
twenty), demonstrating that PSCA overexpression is asso- 
ciated with PSCA and MYC coamplification in Pea. Gu Z 
et al |9) recentiy reporteted that in 102 specimens availa- 
ble to compare the results of PSCA immunostaining with 
their previous mRNA ISH analysis, 92 (90.2%) had iden- 
tically positive areas of PSCA protein and mRNA eaqires- 
sion. Taken together with our findings, in which we 
detected moderate to strong expression of PSCA protein 
and mRNA in 34 of 40 (85%) Pea specimens examined 
simultaneously by IHC and ISH analyses, it is demon- 
strated that PSCA protein and mRNA overexpressed in 
human Pea, and that the increased protein level of PSCA 
was resulted from the upregulated transcription of its 
mRNA. 

At present, the regulation mechanisms of human PSCA 
expression and its biological function are yet to be eluci- 
dated. PSCA expression may be regulated by multiple fac- 
tors 118|. WatabeTet al [19] reported that transcriptional 
control is a major component regulating PSCA expression 
levels. In addition, induaion of PSCA expression may be 
regulated or mediated through cell-cell contact and pro- 
tein kinase C (PKC) |20). Homologues of PSCA have 
diverse activities, and have themselves been involved in 
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carcinogenesis. Signalling ilirough SCA-2 has been dem- 
onstrated to prevent apoptosis in immature tliymocytes 
[21 J. Thy-1 is involved in T cell activation and iransducts 
signak through src-like tyrosine Idnases [22]. Ly-6 genes 
have been implicated both in tumorigenesis and in cell* 
cell adhesion [23-25]. Cell-cell or cell-matrix interaction is 
critical for local tumor growth and spread to distal sites. 
From its restriaed expression in basal cells of normal 
prostate and its homology to SCA-2, PSCA may play a role 
in stem/progenitor cell function, such as self-renewal (i.e. 
anti-apoptosis) and/or proliferation [1]. Taken together 
with the results in the present study, we speculate that 
PSCA may play a role in tumorigenesis and clinical pro- 
gression of Pea through affecting cell transfomiation and 
proliferation. From our results, it is also suggested that 
PSCA as a new cell surface antigen may have a number of 
potential uses in the diagnosis, therapy and dinical prog- 
nosis of human Pea. PSCA overexpression in prostate 
biopsies could be used to identify patients at high risk to 
develop recurrent or metastatic disease, and to discrimi- 
nate cancers from normal glands in prostatectomy sam- 
ples. Similarly, the detcaion of PSCA-overcxpressing cells 
in bone manow or peripheral blood may identify and pre- 
dia metastatic progression better than cuirent assays, 
which Identify only PSA-positive or PSMA-positive pros- 
tate cells. 

In summary, we have shown in this study that PSCA pro- 
tein and mRNA are maintained in expression from 
HGPIN through all stages of Pea in a majority of cases;, 
which may be associated with prostate carcinogenesis and 
correlate positively with high tumor grade (poor cell dif- 
ferentiation), advanced stage and androgen-independent 
progression. PSCA protein overexpression is due to the 
upregulation of its mRNA transcripdon. The results sug- 
gest that PSCA may be a promising molecular marker for 
the clinical prognosis of human Pea and a valuable target 
for diagnosis and therapy of this tumor. 
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Abstract 

T^nslaUon Knitlation Is regulated In re^KHise to 
mitHent anfaflabimy and mitogenic sfim 
CQiqjfed with cefl cycle progression and cefl growtfL 
Several afteratkms In translalliinal control occur in 
cancer. Variant mRNA aeiiuenoes can alter the 
translalionai effldency cl IndMdiial mRIM 
wMch bi lim ptey a role In cancer lilology. Oiangea in 
the esqpresslon or avallablG^f of ccmiponents of the 
transiatlonal madibieiy and In the activation of 
translation througli signal transductim pattiwaya can 
lead to mom global changes, such as an Increase In 
the overdta rate of |HX)ffeln synthesis end transiatlonal 
aefivallon oltw mRNAmolectdesimrolyed In cell 
growth and proBlierallo& We review tiia basic 
principles of translaflonai control, the altmtions 
encountered hi cancer, and selected thmi^ 
tar^ting translation initiation to elucidate new 
therapeutic avenues. 

Introduction 

The ftmdamental principle of molecular therapeutics In can- 
cer Is to exploit the differences In gene expressly between 
cancer cells and normal cells. With the advent of cDNA annay 
technology, most effiiMts have concentrated on Identl^ng 
cfiffenences In gene exprasdon al the level of mRNA, whidi 
can be attributable either to DMA amplification or to differ- 
ences In transcription. Gene expression is quite conipllcated, 
however, and is also regulated at the level of mRNA stability, 
mRNA translation, and protein stability. 

The power of translalional regiriation has been best recog- 
nized anix)ng developmental biologists, because transcription 
does not occur in esvV enribryogenesis In eukatyotes. For 
ample, In Xsnopus, the period of transcr^ikmal quiescence 
continues untli the embryo reaches mldblastula transition, the 
4000K;eli staga Therefore, all necessary mRNA nK}lecules ^ 
transcribed during oogenesis and stod^pHed in atiwi^attonal^ 
Inactive, masked 1am. The mRNA are translattonaHy activaled 
at appropriate times during oocyte maturation, fertilization, and 



ettly embryogenesis and thus, are uncter strict tran^alk>nal 
control* 

Translation has an established role In c^i growttu Basi- 
cally, an increase in protein synttiesis occurs as a conse-* 
quence of mftogenesls. Until recently, however, little was 
known about the att&ations &) mRNA translation in canoer» 
and much Is yet to be discovered about their role in the 
devetopment and precession of cancer. Here we review the 
basic principles of transiatlonal control, ttie atterafkms en- 
oounfeered in cancer, and selected therapies targeting tnsffisla^ 
ten Ir^aftidn to elucidate potential new thenapeutfe avmies. 

Basle Prfndplea of IVanslational Control 
Mechanism of Tnansfaffon Inl^afion 

Translation Inftiatk)n the main st^ in translalbnal nogutetion* 
Translation ini&tion b a conruslex proce^ in whk:h the initiator 
tRNA mi ttie 40S and 608 ribosomal subunRs era racnjited to 
the 5' end of a mRNA molecule and assemlM by eUkaryoHo 
transiatfon btltiation factors into an 8^ 
codon of the n«RI^ (F^ 1). 11» 5' end of eukaryotic mfVsiA Is 
capped, Le,, contains the cap structure m^Gpi:^ (7-niefhyl- 
guanosbie-triphospho-5'-ribonudeosUe)L I^ost translation In 
etitaryotes occurs In a cs9>Kiependerit fashion, le, t^ 
speciflcaily recognized Ivy the eiF4S,^ which bMs the 5' ^ 
The elF4F tnanda(tl6n Initiation complex Is the^ 
assentbiy of elF4E, tlie RNA heffcase elF4A, and e{F4G, a 
scaflblding protein that rnedlates the bIndBig of tte 
somal subunit tothe mfm mdecule through int^acSon with 
the eif^ putein fxesent on the40S ribosoma elF4Aand elRB 
paTtic^>ate melting the secondary stnicture erf the 5' 
the mRNA. The 43S Initiation complex (40S/elR2/M^-tRNA/ 
6TP oorrv)la}0 scars the mRNA in a 6'-»3' dbBdion until ft 
encounters an AUG sitartoodoa This start oodon Is then base- 
palrad to the anticodon of Initiator tRNA» fomiing the 48S initi- 
ation complex The Initiation Actors are then displaced from the 
48S complex, and ttw 60S ribosome Joins to fbnn tiie 803 
riboson)e. 

UnHke most eUkaryotic translation, translation initiation of 
certabi mRNAs^ such as the picomavlnis RNA, Is cap inde* 
pendent and occurs 1^ internal ribosome entry. This mecha- 
nism does not reqij9re elF4E Bttier the 43S ccmiplex can bind 
fha Inltiaticm oodon directiytivough Interaction witiY tiie IRES In 
the 5' UTR such as in the encephaiomyocarditis virus, or it can 
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7. 'rranslatfonInmatlOnlneul(aryot0S.The4E-BP8are 
ptorylated to reteaae elF4E so that tt can mt^^ 
eJF4F bOttaSon compfox b ess^iM. The interaction of poIy(A) binding 
pmtoln wtti the Tnhlsitlon oomplQx and circmlar^^ 
deplctBd In the diagiaia TYw secondary stmcture of the 5' imi Is 
the 40S ribosomal subunit is bound td elF3, and Ihe ternary complex 
corisSstbigorefFa. GTP.arKltheMet-fflmaiorecnjnodtott^ 
ra)osofne scans the mRNA rn a 5'-^' direction tmtn an AUQ start oodon 
IS found In the appropriate sequence context Iho Initiation factors me 
released, and the large ribosomal subunit b racm ited. 



InWally attach to the IRES and then reach the Initiation codon by 
scanning or transfer, as is the case with the pollovirus (1). 

ffeffufSaffon of Transfa^on iniiiaUon 
Ttanslation Inltlatfon 6an be regulated by alterations in the 
expression or phosphc^latlon status of the various fact<^ 
Involved, oomponents In translatlonal regutetHon that 
may provide potential therapeutic tai^ets fblfow, 

elF4& elF4£ plays a central PoJe In translation regulation. 
It Is the least abundant of the Initiation factors and is con- 
sidered the rate-llmlting coniponent for Inltlatfon of cap- 
dependent translation, elF4E rnay also be Involved in mRNA 
spllclr^, mRNA 3' pnxjesaing, and n>RNA nudeocytoplas- 
mlc transport (2). eiF4E expression can be Increased at the 
transcriptional level In response to serum or growth fiactors 
(3), eF4E overexprassEon may cause preferential translation 
of mRMAs containing excessive secondary structure In their 
5' UTR that are nomnally dlscrimlnaM against by the trans- 



latlonal machinery and thus are Inefficiently translated (4-7). 
As examples of tiils» over^cpresslon of elF4E promotes In- 
creased trar»lalk)n of vascular endothelial growth factor, 
fibroblast growth factor-2, and cydin D1 8, 9). 

Another mechanism of control b &ie regulation of elF4E 
li^osphorylaHon. eIF4E phosphoiylatfon mediated by tho 
mitogen-actlvated protein kfnase-Hmctfaig kinase 1 , which 
Is activated tiy the mltogen-actlvaited pathway activating 
extracellular s^nalHfelaled kinases and the stress-acUvated 
pathway acting through p38 mitogen-acthrated prote&i ki- 
nase (10-13). Several mitogens, such as serum, platelet- 
derived growth foctor. epidemial growth factor, ihsulln, 
angkjtensin II, sro kinase overaxpression, and ras over- 
expresston. lead to elF4E phosphoiylaftlon (14). The phos- 
phoiylaton status of elF4E Is usu^ly conelated wmi the 
translatfonal rate and growth status of the cell; however; 
elF4E phosphorylation has also been d!>seived In response 
to some cellular stresses when translatlonal rates actually 
decrease (15), Thus, further study Is needed to understand 
the effects of elF4E phosphorylation on elF4E aclMty. 

Another mechanism of ragulaticm Is the altera«on of dF4E 
avalIat»Rty by the bindfrig of eIRE to the e]F4E-b!ndtng pro- 
teins (4E-BP, also known as PHAS-I). 4E-BP8 compete with 
elF4G for a binding site In elF4E. The binding of elF4E to tho 
best characterized elF4&^indlng protein, 4E-BP1, Is regu- 
lated by 4E-BP1 phosphoiyfallon. IHypophosphoryiated 4E- 
BP1 binds to e]F4^ whereas 4E-BP1 tvperphosphorylatton 
decreases this binding. InsuDn, aniglotensin, epidmnal 
growth factor, platelet-clerived growth factor, hepatocyte 
growth factor, nerve growtti factor, Insulln-liKB growth factors 
I and 11, interleukin 3, ^ramikxiyte-macrophage colony-stim- 
ulating factor + steel factor, gastrin, and the adeno>^ have 
all been reported to Induce phosphorylation of 4E-BP1 and 
to decrease the ability of 4&BP1 to bind eiF4E 05» 16). 
Conversely, deprivation of nutrients or growth factm results 
m 4&BP1 d^osphorylatkxi, an increase In elF4E binding, 
and a decraase In cap-dependent translation. 

p70 86 fOnase. Phosphorylatton of ribosomal 40S prxjtein 
S6 by S6K Is thought to play an important role In translatlonal 
negutertton, S6K mouse emlsryonte cells proltterate more 
slowly than do parental cells, demonstrating that 86K has a 
positive influence on cell proOferatlon CI 7), S6K r^ulates the 
translation of a group of mRlslAs possessing a 5' terminal 
ol^opyrfntidlnetract @'TOP) found at the 5' IHR of rftK>som^ 
protein mRMAs and other mRNAs codlr^ for components of 
the translatlonal madilnery, Phosphorylalton of regu- 
lated In pat based on ^ avaBablilty of nutrients (18^ 19) and Is 
stimulated by several growth fatitors, such as platelet-derived 
gnowtti factor and b^lh^ growtii fauctor I (20). 

elF2aPho^>hotylBiioii. The binding of the initiator tRNA 
to the small ribosomal unit is mediated by translation Initia- 
tion factor elF2, PhosphorylaHon of the o-subunit of elF2 
prevents fonnation of the elFZ/GTP/Met-tRi^ complex and 
inhibits gtoba) protein synfhes^ (21, 22). elF2a Is phospho- 
ryiated under a variety of conditions, such as viral infection, 
nutrient deprfvalfon, heme deprivation, and apoptosls (22). 
eiF2a is phosphoryf ated by heme-regulated inhffcflor, nutrient- 
regulated protein kinase, and the IFN-lnduced, double- 
stranded RNA^vated protein kinase (PKR; Ref. 
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The mTOR Signaling Pathway. The macix>lldQ antit^otfo 
mpainycfri {SMirois: Wyeth-Ayerst Research, CoBege>rflle, 
ha3 been the subject of intensive stuciy because it In- 
Nblts signal tnansductlon pathways involved in T-cell aiCtiva- 
tion. The rapamydn-senstttve component of these pathways 
is mJOH (also caQed i=RAP or RAFTI). mTOR is the mam- 
mairan homologue off the yeast TOR proteins that regulate Qi 
progression and translation In response to nutrfent availabil- 
ity mTOR Is a serine-threonine kinase that modulates 
tmnsJation Initiation by altering the phosphorylation status of 
4E-BP1 and S6K (Fig. 2; Ref. 25). 

4E-BP1 isphos2:^K)r^atedonimjdt^iesidue8.mT^ 
phorylates the Thr«d7 and Thr-^ residues cf 4&BP1 ^l 
(26); however, phosjphoryiatf on at these sites is not ass« 
with a loss of ^F4E b&Kfing. Phosf^Kxylation of Thr-^ and 
TY7-46 is required for subsequent phosphorylation at sev^ 
COOi-Hermtnal, smim^sensitfve sites; a comt^iafion of these 
Frfios|:^iorylatto events appears to be needed to ii^ibit the 
bMingof4&BP1 to elF4£(^ The product of thSiATM gene. 
pSa^KI pathway, and protein kinase Co- afsopl^ a loto in 
4&BP1 phosphorylaUon ^7-29). 

S6K and 4E-BP1 are also regulated, in part, by P13K and its 
downstream proton kinase Akt PTEN Is a phosphatase that 
negatively r^ulates PI3K signaling, PTB4 nufl cells have 
constitutlveiy active of Akt, increased S8K activtty and 
S6 phosphorylatkKi (30). S6K activity Is inhibited both by 
PI3K Inhibitofs wortmannln and LY294002 and by mTOR 
Inliibltor rapamy<^n (2^. Akt phosphorylates Ser-2448 tn 
mTOR fn vitro, and this site Is phosphorylated upon Akt 
activatkMi fn vivo (31-^). Thus, mTOR is regulated liy the 
PiaiWkt pathway; however, this does riot appear to be the 
only mode of regulation of mTOR activity. Whether the PI3K 
pattiway also regulates S6K and 4E-BP1 phosphorylation 
Independent of mTOR is controversial. 

Interestingilyi tfilOR autophosphorylation is bfodoed by wort- 
mannln but not by rapaniyc^ This seeming Incons^^ 
suggests that mTOR-responsfve regulation of and S6K 
activity occurs through a mechanism other than Intrinsic mTOR 
kin^actlvity.Ana]tematepathwayfor4C-BP1 andS6Kpho&- 
piiorytatlon by mTOR acti\rity is by the inhibition of a phospha- 
tasa Treatment with calycdin A, an bihlbitor of phosphatases 1 
and 2A, reduces rapamydn^uced dephosphorylatk>n of 4E- 
BP1 and S6K l5y rapamycin {35). PP2A Interacts with full-tength 
S6K but not wrm a S6K mutant that is resistant to dephospho- 
rylalion resulting from rapamydn. mTOR phosphorylates PP2A 
tn vflro; however, how tills process alters PP2A activity Is not 
known. These results are consistent with the model that phoe- 
phoiylatlon of a phosphatase by mTOR prsvents dephospho- 
rylatton of 4E-BP1 and S6K, and conversely, that nutrient dep- 
rivattonand lapan^ch Uock inhibition of the phosphatase tiy 
mTOR. 

Polyadenyiafion. The poly(A) tail In eukaryotic mRNA is 
important In enhancing translatton initiation and mRNA sta- 
bil%. Polyadenylation playa a key role In regulating gene 
expression during oogenesis and eaify embryogenesls. 
Some mFiNA that are translationally inactive in the oocyte are 
polyadenyiated conconmantly with translationa] activation in 
oocyte maturation, whenaas other mRNAs that are transta- 
tlonaily active durtng oogenesis are deadenylated and trans- 
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I&tftonaliy silenoed C36-68). Thus, control of poly(A) tail syn- 
thesis is an lmp<»1ant regulatory step in gene expresston. 
The 5' cap and p(^y(^ tall are timigtit to function syner^is- 
tically to regulate mRNA tmnslational emdency (39, 40). 

RNA Packaging. Most RNA-blndfng proteins are assem- 
bled on a transcript at ttie time of transcription, thus deter^ 
mining tiie translational fate of the transcript (41). A highly 
oonsenred family of Y-bc»c proteins Is found In cytoplasmic 
messenger ribonucleoprotein particles, where the proteins 
are thought to play a role In restricting the recruitment of 
mRNA to the translational maci)inery (41-43)* The major 
mRNA-assoclated protein, YB-1, destabilizes the Interaction 
of elF4E and the 5' mRNA cap in vitro, and overexpies^on of 
YB-1 results In translational repress bi vivo [44), Thus, 
alterations in RNA packaging can also play an important role 
In translational regulation. 

Translation Alterations Encountered in Cancer 

Three main alterations at the translational level occur \n cancer 
variations in mRNA sequences tiiat increase or decrease trans- 
lafional efRdency, dianges in tiie expression or availabinty of 
components of the trar^slattonal machinery, and activation of 
translation tiirough abenantiy »:tivated slgn^ transduction 
patiiways. The first alteralbn affiects tiie translation of an (ndl- 
vktual mRI^IA ttiat may play a role In camhiogenesls. The sec- 
ond arvi third alterations can lead to more global Changes, such 
as an Increase m the ovarai rate of protein synttiesl^ and ti)e 
transtational activation of several mRT^ spedes. 

VariaOons In mRNA Seguence 
Variations in mRNA sequence affect the translational efii*' 
dency of the transcr^ A brief description of these variations 
and examples of ^ch mechanism follow. 

Mutations. Mutations In tiie mRNA sequence, espedally 
in tiie 5' UTR can alter Its translattonal efficiency, as seen in 
the fbllowing examples. 
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o-AVa Satto etaf. propi^ that liansralkm 

napressed. whereas In several BuMtt lymii^niad 
fltat haveddetfonsof the noRNAS' ITTR transT^^ 
b more efficient (45). McHB recentiy, it was reported that the 
5' UTR of cwnyc contains £ui IRES, and this c-rnyc transla- 
tion can be Initiated by a cap-Independent as well as a 
cap-d^mdent mechanism (46, AT), In pafiervis with mutt^ 
myeloma, a C->T mutation in ttie ornyc IRES was Identified 
(48) and found to cause an enhanced iniQatfon oT translation 
via internal ribosomal entry (49). 

. BRCA1, AsomaUc pofrit mutation (117 Cr->Q In position 
-3 vi^ respect to the start codon of the SACAT gene was 
identified in a highly i^gressive sporadic breast cancer (5G), 
Chimeric constructs consisting of the wiid-t^ or mutated 
BRCA1 5' urn and a downstream ludferase report^- dem- 
onstrated adecrease in the translational efficiency with the 5' 
UTR mutatioa 

CycAii-cfey»emferrt Some inherited 

melanoma kindreds have a Q->T transyersion at base -34 
of cycnn-dependent kbiase lnhibitor-2A. which encodes a 
cydinKiependent kinase 4/cyc!lrKlependent kinase6klnase 
InMbitor important in checkpoint regulation {5U This 
mutatk>n,,give3 rise to a novel AUG translation Initiation 
codon, creating an upstream open reading frame that com- 
petes for scsmning rit)osomes and decreases translation 
from the wild-type AUQ. 

AHemate ^Bdng and Altemata Tfanscriprtion Start 
Sltea Alterations In splidng and €dtemate truiscrlptton sites 
can lead to varlaUons ^ 5' UTR sequence^ length, and second- 
ary structure ultimate^ impacting transiaAtonai elHci^^ 

ATM, The ATM gene has four nonoodfng axons in its 6' 
UTR that undergo extensive alternative spUdng ^2). The 
contents of 12 diffierent 5' UTRs that show considerable 
diversity In l^igth and sequence have been identified. These 
divergent 5' leader sequences piay an frnportant role In the 
translatlonal regulatton of ttte ATMgena 

mdhtK in a subset of tumors, overaxpresslon of the onco- 
protein mdm2 results in enhanced translation of the mdm2 
mRWA. Use of different rTOnrK>ters leads to two mdrr^ tran- 
scripts that diffier wly in thdr 5' leaders (53). The tonger 5' 
UTR contains two upstream open reading frames^ and ttils 
mRMA is loaded wfth rfbosomes inefifdently compared wHh 
the stiort 5' UTR» 

In a normal mammary gland, 0RCAT mRNA Is 
expressed vi^ a short®- leader sequence (S'UTRsOi whereas 
In sporadic breast cancer tissue, BRCA1 mRNA Is expressed 
with a longer leader sequence (5' ITTRb); the translatlonal 
efficiency of transcripts containing 5' UTRb is 1 0 times lower 
than that of transcripts contalrdng 5' UTRa (54). 

TGF^fiSi TGF-pS mRNA nndudes a 1.1-kb 5' UTR, whteh 
exerts an inhibitory effect on translatk)n. Many human breast 
cancer ceH Bnes contain a novd TGF-p3 transcript with a 5' 
UTR tiiat is 870 nucleotides shorter and has a 7-fbld neater 
translatlonal efficiency ttian the nonna! TGF-p3 mRNA 

AKmiate Polyadenylation SXtos. I\4u>tipie polyadenyl- 
ation sign^ leading to the generation of several transcripts 
with differing 3' UTR have been described for several mRNA 
spedes. such as ttie RET proto-oncogene pQ, ATTif gene 
@2), tissue inhibitor of metalloprotdinase^ (57), RHOA 



IHDlcHMioogene and calmodullnH {^l Although the 
effiact of these alternate 3' UTRs on translation Is not yet 
known, they may be important fn IWA-protein Interacaons 
that affect translatldnal recrititment Tlie rde of these atter- 
aBons In cancer devek3pment and pnogresston is unknown. 



AUemUotts /n thB Qonnionmts of Hie 
Thuislatfon MiacMneiy 

AlteraHons in ttie components of translafion machinery can 
take many fonns. 

Over^ressslon of elF4& Overexpresslon of eiF4E 
causes nnafignam transfbnnation In rodent cdls (6(9 and the 
deregulatton of HoLa ceil growth ^1). Polunovsky etak (52) 
fbund that elF4E overexpressk»i substitutes fbr serum and 
Individual growth factors In presen^ng vfability of fibroblasts* 

whteh suggests ttiat elF4E can mediate both proHfenttlve and 
survival slgr^g. 

Qevated levels of eiF4E mRNA have been fbund in a broad 
spectrum of transibnned oeU lines (63). eiF4E levels are 
elevated In all ductal cardnoma In situ spedmens and Inva- 
sive (hictal cardnomas, compared with fcienign breast spec- 
imens evaluated with Western blot analysis (84, 65)- Prelim- 
inary studies suggest that this overaxpresslon Is atlrttiutable 
to gene amp&ficatf on (65). 

There are accumdatir^ data suggest^ that efRE overax- 
pressk>n can be valuable as a prognostic nnaatoer. eF4E over- 
SKfmston was fbund haratrospec^ study to bean^^ 
poorpregnosls In stages ! to III breast cardnonw (67). Verificah 
tion of the prognostic value of e{i=4E in br^ cancer is now 
under ws^ In a prospective trted (67). However, In a different 
study, elRE expression was condated with the aggrssdve 
behavior of non-Hodgkln's lymphonf^ (6Cf). In a prospective 
analysis of patiehts with head and neck cancer, devated levels 
off dlME in histologically tumor*ee surglcd margins predicted 
a dgr^canty incnsased risk of k)cal-regional recurrence (9). 
These rasuHs aB suggest that elF4E overexpres5!on can be 
used to sded patients vvlio nrilght benefit fh)m niore aggressive 
syslerritether^- Fwtherrriora, the head and neck cancer data 
suggest that eIF4E cversxpression is a fteld defed and can be 
used to guide k)ca) therapy. 

Altemtlons In Other Inltlafion factors. Alterations In a 
number of other Initiation factors have been associated with 
cancer. Overpnodudlon of elF4G, similar to eiF4E, leads to 
malignant transfbnnation in vitro (69). eIF-2a b fbund in 
increased levels in bronchioloalveolar cardnomad of the lung 
(3). Initiation fector dF-4Al is ovwexpressed fan melanoma 
(70) and hepatocellular cardnoma (71). Tbe p40 subunit of 
translation initiation factor 3 is amplified and overexpressed 
in breast and prostate cancer (72), and the elFSiil 10 subwilt 
Is overexpressed In testicular seminoma (73). The ide that 
overexpresslon of these Initiation foetus plays on the devd- 
of»nent and progresdon of cancer, if any, Is not knovim. 

OverncpiessUm of 86K. S6K Is amplified and highly 
overexpressed in the I^CF7 breast cancer cdl line, com- 
pared vtflth noniial mammary epithdium (7-^. In a study by 
Bariund ef a/. (74), S6K was amplified in 59 of 668 primary 
breast tumors, and a datlsticdiy significant association was 
obsenred between ampimcatton and poor prognoste. 
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Overexitfesslon of PAP. PAP catalyzes 3' pcHy(/9 syn- 
thesis. PAP is overfficpressed In hrnm cancer cells com* 
pared normal and virally transfonned cells (75). PAP 
enzynmtic acth% in breast tumors has been conela^ 
PAP protebi lev^ (7Q and, In mammary tumor cytosois, was 
found to be an indep^ent&ctorfor predicting sunrSval 
Uttlelsknowa howev^, about how PAP expression or 
Wt^ affects the transtatlonal profile. 

Alterations in RNA-blndIng Proteins. Even less Is known 
about alfefalions b PNA packaging in cancer. Increased ex- 
pres^n and nuclear kx»Hzation of ttie RNA-blndIng prot^ 
YB-1 ane {ncficators of a poor progno^ for bi^ cancdr (TT^ 
rm-sinaO cdl lung cancer (70^ arKi ovarian cancer 
ever, this efltet ma^ be nrtediated at least in part at^«^ 
lianscrtption, because YB*1 Incroases chemorBststanoe by en- 
hancing the tanscrfption of a multidntg resistance g 



AciiyaUon o/S/gna/ Ti^nsduction Pathways 
Activation of signal traduction pathways loss of tumor 
suppressor genes or overeocpiesskm of oertetfn^i^^ 
can contrl bute to ttie growth and aggressiveness of tiflnois. An 
&T^3o rtan^. mutant fri humsi cancers Is the tumor suppressor 
gene which leads to the activatkm of the Pi3K/Akt pam- 
ws^. Activation of arxl Akt Induces the oncoger^ trans- 
fbnnatjon of cHcken enrdvyo flbn>biasts.l^ 
show consffiutive phosphorylation of sac and of 4&BP1 (31). 
A mutant AW that retains kfriase activity but does net phos- 
phoiylale S6K or4E-BP1 does not tiansfbnn fibroblasts^ which 
suggests a oorrelallon between the oncogei^ of PI3K and 
Aktartdtiiephospho(ytaflonofS6Kand^£-BP1 

Several tyrosine kinases such as platelet'-derived growth 
foctor, insulin-like growth fiactor, HER2/heu. and epldemial 
grovirth fajc^ receptor are overexpressed In cancer. Be- 
cause these Wnases activato downstream signal transduc*- 
flon pathways known to alter translatton initiafon. actlvatkHi 
of translation Is likely to contribute to the growth and aggres- 
siveness of these tumors. Furthemnore, the mRNA for many 
of these kinases themselves are under transiational control. 
For example, HER2/neu mRNA Is translattonally controlled 
both by a short upstream open reading frame that represses 
HHR2/neu translation in a cell type-independent manner and 
by a d^nct cell typo-dependent mechanism that increases 
tFanslatk)naI effidency (82). HER2/neu translation Is different 
In transformed and normal cells. Thus, it Is possible that 
alterations at the transiational level can In part account for 
the discrepancy between HEfi2/neu gene ampllfioation de- 
tected by fluorescence /nsffti hybrldbatlon and protein levels 
detected by immunohlstochemlcal assays. 



Translation Targets of Setected Canc^ Therapy 
Components of the tran^on machinery and signal path- 
ways involved In the activation of translafion Initiation repre- 
sent good tangets for cancer therapy. 

TargBtIng Ihe mTOR Signaling Pathway: Bajpamyt^n 
and TuntstaHn 

Rapamydn Inhibits the pibllferation of iymphocytes. It was 
initially devetoped as an immunosuppressive dnig for organ 



transplantation. Rapamydn with FKBP 12 {Fl®06-binding 
protein, 12.000) binds to mTOR to fnftibit its funcSoa 

Rapamydn causes a small but stgnilteant reduction in the 
iniOatton rate of protein synthe^ (83). it blocks cdl growth in 
part by bk>cking SB phosphoiylatton and selective su{^ 
pressingthetranslaltonof5'T0PmRtiAs,suchasribosornal* 
proteins, and etongatton factors (8a*B^ Rapamydn also 
blocks 4E-BP1 phosphorylation and inhibits ca|>depeHrident 
but not cap-Independent translation (17» 86). 

The r^pamydn-^en^tive sigr^ transduction pathway, eti^ 
vated duir« inallgnamtransfomiation and cmer progr^^ 
Is now bdng studfed as a toget for cancer therapy ^ Pr09> 
tate^ breastp sinaa oeD lung, gik)trfastorna» rnelanornai andT-oell 
leukerrto are among the cancer Ones most sen^tive to the 
rapamydn anak)gue CCI-779 (Wyeth-Ayerst Research; Ret 
87). In ihabdomycosarcorna cd! Br^ rapamydn fs either cy^ 
staSc or cytoddal, depending on ^ p53 status of the ceR; p53 
vvikMype ceils treated with rapan^rdn arrest in the Q, ptese 
and maintain thdr viabiOly, whereas pS3 mutant oeHs accumu- 
late InQ, and undergo apoplosis (88, 8Sf^lnaiecen4y reported 
study using human prirrOtive neuroectodsnnal tumor and 
medUUoblastoma models, rapamydn exhibited mora cytotox* 
h% in comblnatkin with dsplatin and carnptc^hec^ 
sir^le agent ih vto, CCh779 delayed ^fowth of xanogna^ 
160% alter 1 weekoftherai^ and 240% after2wed(S.Asingle 
hlg^Mtose adnrtir^stralkin caused a 37% decrease In tumor 
votuma Grovvth inhgt)ltion Ai was 1 J3 tirn^ 
dspledin in coinbtatfon 0(^779 1^ 
(9(9. Thus, predtnteal studies suggest that ra pam ydn ana- 
k>gues so useAi as single agents and k% c(»ntrinatk)n with 
chemotherapy. 

Rapamydn analogues CCi-779 and RAO0O1 (l^lovartis, 
Basel, Switzerland) are now in dinteal trials. Because of the 
known effect oif rapamydn on ^mphocyte prdiferatkm, a 
potential problem wHh rapamydn andogues Is Immunosup- 
pression. However, al^KHigh prdonged bmmunosuppresston 
can result from rapamydn and CCI-779 admlntetered on 
continuous-dose schedules, the Immunosuppressive effects 
of rapamydn analogues resolve in ^-24 h after therapy 
01). The prindpai toxteities of Ca-779 have Induded der- 
matdoglcal toxicity, myeto^ppresdon, infsctk>n, mucositis^ 
diarrhea, reversible elevations In liv^ function tests, hyper- 
glycemia, hypokalemia, hypocalcem^ and depression (87, 
92-94). Phase II trials of CCI-779 have been conducted in 
advanced renal cell cardnoma and In stage lil/IV breast 
carcinoma patients who felled with prior chemottierapy. In 
the resulte reported In abstract fonn, although there wm no 
complete responses, partid responses were documented In 
both renal cell cardnoma and In breast cardnoma (94, 95). 
Thus, ca-779 has documented preliminary dinlcal activity In 
a previously treated, unsdected patient popuiatton. 

Active Investigation is under way into patient sdection for 
mTOR Inhibitors. Several studies have found an enhanced 
efffteacy of CCI-779 In PTBI-ndl tumors (30, 9^ Another 
study found tiiat dx of eight breast cancer cell lines were 
responsive to CCI-779, dthough only two of these lines 
lacked PTEN 07) There was, however, a positivo connelatlon 
between Akt activation and CCI-779 sensitivity 07). Ihls 
oonelaflon suggests toat acHvatlon of the PI3K-Akt perthway, 
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regartlless of whether Is aftrn^utable to a RB^ mu^^ 
tQ overexpression of rec^Ttor tyroslna kinases, makes can- 
cer ceil amenable to mTOR-dlrected therapy. In contrast, 
tower levels of the target of mTOR, 4E-BP1, are associated 
W^i rapam/cln resistance; thus, a lower 4E-BP1/elF4E ratio 
may predict rapamydn raslsianca (98). 

Another mode of activity for rapvnycin ^ 
appeaiB to b9 through Ini^on of anglogenesis* This activ- 
ity may be both through cSrect Inhlbltfgn of endbthe&al ceil 
proliferation as a result of mTOR Inhibition in these cells or by 
inhibition of translation of such proanglogenic fact<»s as 
vascular endothelial growth fector in tenor cells (99, 100). 

The anglogenesis Inhibitor tumstatin, another anticancer 
dmg currently under study, was also found recently to Inhibit 
translation In erdotheilal cells (101). Ihrough a requl^ in- 
teraction with Intes^n, tumstaHn inhibits activation of the 
PISK^Akt pathway and mTOR in oidothella] celb and pre- 
vents dtesodatlon of efF4E from 4E-BP1, thereby InhQ^ting 
cap-dependent translation. These findings suggest thai en- 
dothelial cells are espec^ smitlve to therapies targeting 
the mTOR-slgnalIng pathway. 

TaigefA^eriZtf EPA CtoMrnaasofe^ mda^7, 
dndRaifmokis 

EPA Is an n^ polyunsaturated fatty acid found in the Ash- 
based diets of populations having a low Inddance of cancer 
(102}. EPA Inhibits the proSferatlon of cancer cells (103), as 
well as in animal models (104, 10^. It blocics cell division by 
oihibiting translation nriitiatkjn (10^ EPA releases 
Intracellular stores while Inhibiting their, refllilng, thereby ao- 
tivatihg PKR. PKR. in tim phosptuMylates and inhibits eiF2a, 
resulting in the inhibition of protein syntftesls at the level of 
translation Inltiatioa Sfmllarty, clotrimazole, a potent antlpro- 
tiferative agent v/fro and in vto, Inhibits cell growth through 
depletion of Ca?"*^ stores, activation of PKR, and phospho- 
ryiafion of elF2a (1(^. Consequcirtly, dotilmazole preferen* 
tiaiiy decreases the repression of cycllns A, E, and D1, 
resulting In blockage of the ceil cycle In 

mcUhT is a novel tumor suppressor gene being developed 
as a gene therapy agent. Adenoviral transfer of mda-7 (Ad- 
mdaT) Induces apoptosis In many cancer cells including 
breast, colorectal, and lung cmicer (107-109). Ad-mda7 also 
induces and activates PKR, vtrhlch leads to phosphorylatbn 
of elF2a and Induction of apoptosis (110). 

Flavonokfs such as genlstein and quercetin suppress tu- 
mor oeO growth. Ail three manrunallan elF2a kinases, PKR, 
home-regulated inhibitor, and PERK/PEK, are activated by 
ffavonoids, wmi phosphorylation of elF2a and Inhibition of 
protein synthesis (111). 



Targen^tg elF4A and olF4E: AnUaansa ff MA 
and Peptides 

Antisense e)cpre83lon of elF4A decreases the proOferatton rate 
ofmdanomaceil$(1i:9.Sequeslratk>nofelREbyoverexpres- 
ston of 4E-BP1 Is proapoptotic and decreases tumorlgenidty 
(113, 114). Reduction of eiF4E vWth antlsense RNA decreases 
soft agar growth, increases tumor latency, and increases the 
rates of tumor dout^ times (7). Antis^ e1F4E RNA tnea^ 



ment also reduces the express of angfogenk: Actors (115) 
and has been proposed as a potential adjuvant therapy for head 
and neck cancers, par^laiiy vt^ elevated elF^ is found In 
surgical maisto. Snnall molecuie MObllorathat^ 
4E-BP1.«ndlng domctfn of elF4E are pnMp)ptoac (11Q and 
are also being actively pursued. 



Exptohing SelacdVB Translation for Gene Therapy 

A diffio^ therapoitio approach that takes advantage of tfie 
enhanced cap-dep^er^ translatkM) In cancer cells is ttte use 
of gene therapy vectors encod^g sifokie genes wim highly 
structuredS'imTheseniRhlAwoukfthusbedtaoornpelitive 
disadvarrt^ h nonrnal cells and not translate well whereas fn 
cancer odls,th^vtfOuUtransiafB more efficlGntV. Fb^ 
theihtfoducltonof tf»5' UTRof fa)n>Waslgrow|hfa^ 
the coding sequence Of Aofpess&rplacviSrusf)^ thyn^na 
Ahase gene, aSows for selective tran^cm of herpes s£r^^ 
ybus type-1 Ut^wkSna kinase gene In breast cancer ceO llnee 
cornpared w^ normal nrianrunary ceD Bnes ^ resi^ in se- 
lective s^isitivfty to ganctoiov^ (117). 



Toward the Future 

TVanslalton is a cruc|y process in every cdL However, se^^ 
aiteraSons in transiaiional cbritrc^ occur &i cancer. Cancer c^ 
appear to need an abenantfy activated translationa} state tbr 
stvvlv&d, thus Rowing the targeting of translatkm In^ 
surprisingly iowtoxteity. Components of the translalkmal ma- 
chinery, such as eIF4E, and signal tansducdon pathways bv 
voh/ed in translatton Irtittedton, such mTOR, repress 
targets for cancer ttierapy. InhS^tora of the mTOR have already 
showri some prellmbiary adivify in d^dcal trials. It Is possible 
that with the devetopment of better predtethre rnaricera and 
bett^ patient sdecfion, response rates to slngie^gent therapy 
can be Improved Similar fo other cytostafic agents, however, 
mTOR inhibttDra are most Kceiy to achle^ dhfiteai utiSly in 
contblnatlon there^^. In ttie interim, our increasing understand- 
ing of tnanslafion inltiaiion and slgi^ transdiK^tion pathways 
pronr^ to lead to the Identification of new therapeUHc targelB 
in tile near future. 
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